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the arts, bnt also the varied and wonderful phenomena of 
nature ; and he hopes that the time is not distant, when the 
knowledge of these snbjects will not be confined to thereto, 
who are fiivored with the opportunity of leaniing them at oar 
colleges and high-schools, but that they will be taught to the 
numy, who are educated in the common-schools of our conn- 
try. In addressing lectures on Mechanics, Hydrostatics, and 
Pneumatics, to coUege students, the thought has often oc- 
curred to him, that these instructions had missed their 
proper aim; that they would be £ur more appropriate for 
such as were destined for mechanical employments, where 
these principles would not remain a mere barren speculation 
of the mind, but would guide the daily labors of the artisan, 
and throw a far higher degree of intelligence over the labon 
of industry ; and it is for learners of this class, namely, those 
who will be so situated hereafter as to apply their principles 
to practice, that this oompend of Natural Philosophy la more 

especially designed. 
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ADVERTISEMENT. 




Fob ihe a^ootnmodaf ion of sucix Teachers as wish to 
give lessons in Katiind Plulosophy and m Astronomy 
to separate elasses, the I^ublishers of Olmsted's Eudi' 
ments of JVhhtrcd Philosophy aiid Astronomy, have 
consented to iBsne the two parts separately, still, 
however, retaining the original form for such as may 
prefer the hook in that shapes 
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PREFACE. 



Iir tliia concise treatise on Nattinl FhSkttofhy^ Ike 
has had in view two leadings olijeets : fiivty to make it ecnw 
prise those princij^es of the science which, from their pne^ 
tical utility, are peculiarly important to be known to all 
mankind; and, secondly, to explain these in such dmpl9 
langnage and with such familiar illastiations, as to render 
them easy and intelligible to the more advanced pvpila of 
oar common schools. 

Small as is the size of this work, when compared with 
the extent of the subject, it is believed that the instructor 
win find it to contain a choice selection of the most vaefid 
tmths of Natural Philosophy. The author doea not deem 
it necessaiy that, as is sometimes the case, a school«book» in 
order to be plain and intelligible, should be superficial and 
contain little that is valuable, since the most profound and 
valuable principles are frequently, when stripped of all 
unnecessary technical phraseology, chancteiiaed by a hi^ 
degree of simfdidty. Still, it requires, on the part of the 
writer, a thorough acquaintance with the subject of Nafcuitl 
fldhMopirf , in its whole extent, In ccder to be able to 
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judge of the relative importance of its principles; and 
it also requires a knowledge of the peculiar wants^ of the 
common-schools, in order to adapt hoth the solution of 
the principles, and the mode of illustration, to the minds 
of the pupils for whom the work is designed. The au- 
ftor, therefore, would deem himself incompetent to write a 
book like the present, if he had not been himself a teacher, 
first in a common-school, and afterwards in an academy, or 
grammar school of the higher order. No one, in his opinion, 
is competent to prepare text-books in any department of in- 
struction, who does not know, by actual experience, the 
precise state of mind of the pupils for whom he writes. 
Hence, men of the most profound attainments in science, 
often wholly fail in their attempts to write elementary works, 
simply for want of the experience of the teacher. 

The principles of philosophy here expounded are such as 
are of great practical utility in the affairs of life, or such as 
enable one to understand the great phenomena of nature. 
Learners who are designed for mechanical and other active 
employments, will find here such a view of scientific princi- 
ples as will afterwards be available to them in the business 
of life, lying as they do at the foundation of all mechanical 
and manufacturing operations, as well as of many of the arts 
of domestic economy. In addition to all this, the author 
considers it an object worthy of the highest efibrts of his pen 
to help to dififuse through all classes of society, a knowledge 
of such mibjects as tend greatly to enlarge and elevate the 
mindi and enable it to understand, not only the principles of 
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the arts, bnt also the varied and wonderM phenomeiia of 
nature ; and he hopes that the time is not distant, when the 
knowledge of these subjects will not be confined to the^ew, 
who aie favored with the opportunity of leaining them at our 
colleges and high-schools, but that they will be taught to the 
many, who are educated in the common-schools of our conn* 
try. In addressing lectures on Mechanics, Hydrostatics, and 
Pneumatics, to college students, the thought has often oc- 
curred to him, that these instructions had missed their 
proper aim ; that they would be &r more appropriate for 
such as were destined for mechanical employments, where 
these principles would not remain a mere barren speculation 
of the mind, but would guide the daily labots of the artisan, 
and throw a far higher degree of intelligence over the labors 
of industry ; and it is for learners of this class, namely, those 
who will be so situated hereafter as to apply their principles 
to practice, that this compend of Natural Philosophy is more 
especially designed. 
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INTRODUCTION.* 

GRAND DIVI8ION0 OF THS NATURAL BCIXNOfl. 

1. As in Geography we have a clearer understanding 
of particular countries, if we first learn the great divis- 
ions of the globe, so we shall see more fully the pecu- 
liar nature of the sciences we are now to study, if we 
first learn into what distinct provinces the great empire 
of science is divided. 

To describe and classify the external appearances of 
things in nature, is the province of Natural History ; 
to explain the causes of such appearances, and of all 
the changes that take place in the material world, is 
the province of Natural Philosophy. The properties 
of bodies which are presented to the senses, such as 
form, size, color, and the like, are called external char^ 
acters ; all events or occurrences in the material world, 
are called phenomena. Natural History is occupied 

* lostnicton may find It expedient, In the case of very young learnen, to 
pUB over tbis lotioduetion, beginning at Chapter I ; but when ibe Mate of 
the pupil is sufficiently advanced, we recommend in being well tieasured up 
In tbe memory. 

QUESTIONS. 
Article 1. What is the province o( Natural Biaiory 7 Of Nat»' 
ral PJ^iotopkiil What properties of bodies are cedled the txUmal 
dtaraOen f What are phencnuna 1 With what is Natural History 
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chiefly with the external characters of bodies, which 
it describes and classifies ; Natural Philosophy, with 
phenomena, which it reduces under general laws. 
Thus, the natural historian first observes and describes 
the esUemal characters of animals, vegetables, luid nain- 
erals, and then classifies them, by arranging such as 
resemble each JOiher in separate groups. The natu- 
ral philosopher, also, first observes and describes the 
phenomena of nature and art, and brings together such 
as are similar, under separate laws ; for example, the 
phenomena and laws of winds, of storms, of eclipses, 
and of earthquakes. 

2. We may form some idea of the method of classi- 
fication in Natural History, and of the investigation of 
general principles or laws in Natural Philosophy, by 
taking examples in each. The individual bodies that 
compose the animal, the vegetable, and the mineral 
kingdoms, are so' numerous that, in a single life, we 
could make but little prepress in acquiring a knowl. 
edge of them, if it were not in our power to collect into 
large groups, such as resemble each other in a greater 
or less number of particulars. When this is done, our 
progress becomes comparatively rapid ; for what we 
^en leani respecting the group, will apply equally to 
all the individuals comprised in it. Hence, ^e various 
bodies in the several kingdoms of nature^ are distribu- 
ted inte tolasses, orders, genera, species, and varieties. 
Thus, those minerals which are like each other in 
having a certain well-known hutre, are collected to- 
gedier into one class, under the head of Metals, while 
otheiis destitute of this peculiar character^ but having 
certain other characters in common^ are collected into 



as. 



chiefly oeemUd t Ditto Natur^d Philoaophy 1 Give an example of the 
obiepts of the Natami Histonan. Abo of the Nalural Philosopher. 
i. Why IB it necesBaiy to doMifif the prodacuons of natare t How 
4eeB mw « daauficntion make our proffre» moce rapid 1 Jnifk 
viMt 9X9 the variow bodies in nature aitinlmiidf 
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ftOQlli^ class, under the head of Earths.* But mmm 
metals, as lead and iron, easily rust, while others, as 
gold and silver, do not rust at all. Hence, metals ara 
distribftited into two orders ; those which easily oor- 
xode being called base metals, and those which do not 
corrode, noble metals. But the members of each onler 
have severally distinctive properties, which give rise 
to a further division of an order into genera. Thus, 
iton constitutes one genus and lead another, of the mur- 
der of base metals. But of each of these genera there 
are several sorts, as wrought iron and cast iron, white 
lead and red lead. Each genus, therefore, is subdivi- 
ded into SPECIES, by grouping together such members 
of the same genus as resemble each other in several 
particulars. Finally, the individuals of each species 
may differ from each other, and hence the i^cies is 
still further divided into varieties. Thus, Swedes 
iron and Russia iron, are varieties of the same species 
of the genus wrought iron, of the order of base metals. 
3. The knowledge we gain of any individual body, 
depends upon the extent to which we carry the clas- 
sification of it. It is something to ascertain the eloM 
to which it belongs ; for example, that the body is a 
metal and not an earth. It is still more to learn to 
what order of metals it belongs, as that it is one of the 
Iwse and not one of the noble metals. We have ad- 
-vaneed still further when we have ascertained that it 
belongs to the geatu iron, and not to that of lead. If 
we £md that it is wrought and not cast iron, we asoN^ 
ttata 0)0 species ; and, finally, if we learn that it is 



* This example ie given merely for the pnrpoM of intntratiM the «MtiM 
M riMilikinnii, end not of ■faowlag the chaMrettna ef mium^ "*~ 

adopted. This would be too technical for our praent pnrpoee. 



^aiate in example of dwwiiicanmi in thm caie of ..... , 

a. Upon what docs the knowledge we acqoure of anjr mdiYidnia 

•dis SMoin to -iho 
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Swedes and not Russia wrought iron, we determine 
the variety. In regard to a body newly discovered, 
whether an animal, plant, or mineral, we may gene- 
rally discover very readily to what class and order it 
belongs, but it is usually more difficult to determine its 
exact species or variety. 

4. A clear understanding of the method of classifi- 
cation employed in Natural History, will aid us in 
learning the method of determining general principles, 
or laws, in Natural Philosophy. A law U Ae mode in 
which the powers of nature act ; and this is determined 
by the comparison of a great number of particular 
cases. Thus, when we have examined the directions 
of rays of light under a great variety of circumstan- 
ces, and always found them to be in straight lines, we 
say it is a law of light to move in straight lines. Laws 
are more or less extensive, according to the extent of 
phenomena they embrace. Thus, it is a law of the 
magnet that it attracts iron : it is a more extensive law 
(that of gravitation) that all bodies attract each other. 

5. The proper method of investigating any subject 
in Natural Philosophy, is, first, tx) examine with great 
attention all the facts of the case ; secondly, to clas^ 
sify these, by arranging under the same heads, such 
as relate to the same things ; and, thirdly, to state the 
conclusions to which such a comparison of the phe- 
nomena leads us. These conclusions constitute the 
laws of' that subject. Thus, if we apply heat to vari- 
ous bodies, and measure them before and afler heating, 
we find in all cases that their size is enlarged. Hence 
we derive the law, that heai expands all bodies. If 
we expose solid bodies to a certain degree of heat. 



4. What it a law ? How is it determined 1 How exemplified in 
the case of Hghi f Show that laws may be more or less extensive. 

5. What is the moipeT method of mvuhgatmg any sabject in Natural 
Philosophy 1 What is the fni 8ttp ?— the uttmd f—4kird ?— What 
do the condofflons eonttUuU t Give an example in the case of Atst 
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they melt or become liquid, and liquids again are 
changed in the same way to vapor. Having observed 
these effects in a great number of individual cases, we 
lay it down as a law, that heai changes solids to fluids 
and fluids to vapors. By similar inquiries- we ascer* 
tain all the laws of heat, which we perceive are, ac- 
cording to our definition, (Art. 4,) nothing more than 
the modes in which heat acts on various bodies. Laws 
or general principles like these, under one or another 
of which all the phenomena of the material world are 
reduced, constitute the elements of Natural Philos- 
ophy. 

6. The laws of nature, when once learned, are ap- 
plied to the explanation of the phenomena of nature 
or art, by a process somewhat similar to that of clas- 
sification in Natural History. It would afibrd a partial 
explanation of the motion of a steamboat on the water, 
to refer it to the general law of elastic force, which 
steam has in common with air, and several other nat- 
ural agents ; but it would be a more complete expla- 
nation to assign the particular mode in which the force 
acts upon the pistons, wheels, and other parts of the 
machinery. Science is a collection of general princi- 
ples or laws : Art, a system of rules founded on them. 
Arithmetic, so far as it explains the properties of num- 
bers, is a science : so far as it furnishes rules for the 
solution of problems, or for calculation, it is an art. 
A principle in science, therefore, is a rule in art. 

7. The term " Natural Philosophy" originally signi- 
fied, the study of nature in general. But as the objects 



What constitute the elements of Nataral Philosophy 1 

6. How are the laws of nature ap{>lied to the phenomena of nti' 
ture and art ? What would be a mtrtial explanation of the motion 
of a steamboat 1 What would oe a more complete explanation 1 
Distinguish between science and art. How far is arithmetic a sci- 
ence, and how far an art 1 What relation have the prineiples of sci- 
enee to the nUe» of aHl . . ^ 

7. What did the term Natural Philosophy originaUy signify t 

2 
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th«t fell xmdAt its notioe "were multiplied, the field he^* 
cwa» too iTftst finr one mind^ and it was dirided into two 
Mit9— what related to the earth belong^ to Natural 
Philosophy, while the study of the heavenly bodies 
was erected into a separate departmest ttiider the head 
of Astronomy. By and by, however, the whole of 
terrestrial nature, as the objects of inquiry were fbr- 
ther multiplied, presented too wide a field for one mind 
to explore, and Natural Philosophy was restricted to 
the investigation of the laws of nature, while the de- 
scription and classification of the productions of the 
several kingdoms of nature, were assigned to a distinct 
department under the name of Natural History. Still, 
it was a work too vast to fake note of all the phenom^ 
ena of nature and art, and investigate all the laws that 
govern them, and hence Natural Philosophy was again 
divided into Mechanical Philosophy and Chemistry. 
Mechanical Philosophy relates to the phenomena and 
laws of masses of matter ; Cliemistry, to the phenom- 
ena and laws of particles of matter. Mechanical 
Philosophy considers those eilects only which are not 
attended by any change of nature, such as change of 
place, (or motion,) change of figure, and the like. 
Chemistry considers those effects which result from 
tne action of the particles of matter on each other, 
and which more or less change the nature of bodies, 
so as to make them something different from what 
tbey were before. JPinally, it became too much for 
one class of laborers to investigate the changes of na- 
ture or constitution, which are constantly going on in 
every body in nature, and in every process, natural or 
artificial, and C\.emistry was, therefore, restricted to 
■ " '"-- •^■- '" ■ ■ ' ^ ' ' • ....... -^^ 

Why was it divided into ttoo parU ? What belonged to Natural 
Phifoaophy 1 What to Astronomy 1 How was Natural Philosophy 
still further divided 1 To what was it restricted 1 What was asugned 
to Natural History 1 Into what was Natural Philosophy again divi- 
ded 1 To what does Mechanical Philotophy relate 1 What Chemutry f 
What ^BMi does Mechanical Philosophy consideT 1 What Chem* 



fhammaU Inttter, whll« what relates to Uomg maOer 
wAs ^reicfted into a separate department under the head 
cf Physiolc^. 

8. Natural History, nwreoTer, found for itself an 
empire loo vast^ in attempting to describe and qlassiiy 
the ezfetnal appearances of all things in nature. 
Hence this study has been successively divided into 
vark>us departments, the study of vegetables being re- 
ferred to Botany ; of animals to Zool<^ ; of inanimate 
substances tc Mineralogy. Still further subdivisions 
have been introduced into each of these branches of 
Natural History, as the objects embraced in it have 
multiplied. Thus, the study of that branch of Zoolo* 
gy #hieh relates to fishes, has been erected into a 
separate department under the head of ichthyology ; 
of birds into Ornithology; and of insects into £n« 
fomo!dgy< 

9. A division of the studies which relate to the 
world we inhabit, has also been made into three de- 
partmentSj Geogtaiphy, Geology, and Meteorology ; all 
objects on the surface of the earth being assigned tc 
Greography ; beneath the surface, to Geology ; and 
above the surface, to Meteorology. Of these, Greog 
raphy, in this extensive signification, presents the 
largest field, since it comprehends, among other things 
MAN and his works. 

10. Mechanical Philosophy is, strictly speakings 
the branch of human knowledge which we now pro- 
pose to learn ; but it still retains the original name, 
Natural Philosophy, though in a sense greatly re- 

istiyl How was Chemistry divided 1 To what restricted, and 
what was assigned to Phytiologu 1 

8. Into what has Natural History been aaccessively divided 1 
What was referred to Botany 1 What to Zoology ? What io JMin- 
eralogy? What further suMiyisioiis have been introduced into 
each of these branches 1 

9. Into what three departments has all terrestrial nature been di- 
vided 1 What is assigned to Qeopraphy ?— what to Geology /--and 
what to Mtteorotoeu f Which presents the largest field 1 
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stricted, compared with its ancient signifioatioii. The 
complete investigation of almost any subject, either of 
nature or art, usually, in fact, enters the peculiar pro- 
vince of several kindred departments of science. For 
example, let us follow so simple a substance as bread, 
from the sowing of the grain to its consumption as 
food, and we shall find that the successive processes 
involve, alternately, the principles of Mechanical Phi- 
' losophy, Chemistry, and Physiology. The ploughing 
of the field is mechanical and not chemical, because 
it acts on masses of matter, and produces no change 
of nature in the matter on which it operates, so as to 
make it something different from what it was before, 
but merely changes its place. For similar reasons the 
sowing of the grain is mechanical. But now a change 
occurs in the nature of the seed. By the process 
called germination, it sprouts and grows and becomes 
a living plant. As this is a change which takes place 
between the particles of matter, and changes the na- 
ture of the body, it seems, by our definition, to belong 
to Chemistry, and it would do so were not the changes 
those of living matter : that brings it under the head 
of Physiology. All that relates to the growth and 
perfecting of the crop is, in like manner, physiological. 
The reaping, carting, and threshing the wheat, are all 
mechanical processes, acting as they do on masses of 
matter, and producing no alteration of nature, but 
merely a change of place. The grinding and separa- 
tion of the grain into flour and bran, looks like a chem- 
ical process, because it reduces the wheat to particles, 
and brings out two new substances. We have, how- 
ever, only changed the figure and place. The grain 

10. What is strictly our subject 1 What other name does it stillre- 
tain 1 What is true of the complete investigation of any subject in 
nature or art 1 How exemplified in the case of bread ? Why is the 
ploughing mechanical 1 Why is the sowing mechanical 1 Why is the 
genritncUton physiological 1 tiow is it with the reaping^ carting, and 
threshing ? The grinding and manufacture into .^our ? Making the 
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consists of the same particles before and after grind- 
ing, land no new substance is really produced by the 
separation of the flour from the bran, for both were con- 
tained in the mixture, having the same nature before as 
after the separation. We next mix together flour, water, 
and yeast, to make bread, and bring it to the state of 
dough. So far the process is mechanical ; but now 
the particles of these diflerent substances begin to act 
on each other, by the process called fermentation, and 
new substances are produced, not existing before in 
either of the ingredients, and the whole mass becomes 
something of a very diflerent nature from either of the 
articles of which it was formed. Here then is a chem' 
iced change. Next we make the dough into loaves and 
place them in the oven by processes which are me- 
chanical ; but again heat produces new changes among 
the particles, and brings out a new substance, bread, 
which is entirely diflerent in its nature both from the 
original ingredients and from dough. This change, 
therefore, is chemical. Finally, the bread is taken into 
the mouth, masticated, and conveyed to the stomach 
by mechanical operations ; but here it is subjected to 
the action of the principle of life that governs the ani- 
mal system, and therefore again comes under the pro- 
vince of physiology. 

11. The distinction between terms, which are apt 
to be confounded with each other, may frequently be 
expressed by single words or short phrases, although 
they may not convey full and precise definitions. The 
following are examples : History respects facts ; Phi* 
losophy, causes ; Physics, matter ; Metaphysics, mind 
Science, general principles ; Art, rules and instruments. 
Physical laws are modes of action ; moral and civil 

hrtadl Ita ftrmenUUion ? Formmg into loave$ and placing in tht 
oven ? The baking 7— eating ?— the final change in the atmiMuA ? 

11. What does History respect 1 What Philosophy ^-Physics^ 
MetaphyacsV- Science!— Artl What are physical and wh**^ 
moral laws 1 What is the province of Natural, and what Utr 

2* 
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1A.WI, m^M of action. The province of Natural PliOoe 
flfihy is the material world ; that of Moral Philoeoph^ 
is the soul. Mechanical efieets result from change of 
place or figure ; Chemical, from change of nature. 
Chemical changes respect inanimate matter ; Physio* 
logical, living matter. 

12. Mechanical Philosophy takes account of sucb 
properties of matter only as belong to all bodies what* 
soever, or of such as belong to all bodies in the sam^ 
state of solid, fluid, or a^riK>rm. These are few ip 
number compared with the peculiar properties of indi* 
vidual bodies, and the changes of nature which they 
produce on each other, all of which belong to Chemis* 
try. Chemistry, therefore, is chiefly occupied with 
matter ; Natural Philosophy, with motion. The lead* 
ing subjects of Natural Philosophy are— - 

1. Mattek — ^its genera] properties. 

2. Mechanics — the doctrine of Motion. 

8. Hydrostatics — the doctrine of Fluids in the fi>rm 
of water. 

4. Pneumatics — ^the doctrine of Fluids in the form 
of air. 

5. Mbteoroloot — the Atmosphere and its phe- 
nomena. 

6. AcotrsTics— ^the doctrine of Sound. 

7. Electricity. 

8. Magnetism. 

9. Optics — the doctrine of Light. 

Moral liiflotophyl From what do mechanical effects result 1— 
from what chemicall What do chemical changes respect, aiid 
what physiological 1 

12. OTwhat properties does Mechanical Philosophy take account 1 
With what is chemistry chiefly occupied l~-wiih what is Natural 
Philosophy 1 Enumerate the leading subjects of Natural Ph^ 
.OBophy. 



CHAPTER 1. 

GENERAL PROPERTIES OF MATTER* 

irnumoN amp hipbnbteabiuty — ^DiTinBiiJTT-*roRo«mr-«»€oic- 

HLBMUILITY — ^KlJl8TICITT — ^INDBfTmUCTIBIUTT — ^ATTKACTIOIC 

13. AH matter has at least two properties — EUten* 
n(H) and Impenetrabili^. The smallest conceivable 
portion of matter occupies some portion of space, and 
has length, breadth, and thickness. Extension, there- 
fore, belongs to all matter. Impenetrability is the 
property by which a portion of matter excludes all 
other matter from the space which it occupies. Thus, 
if we drop a bullet into water, it does not penetrate 
the water, it displaces it. The same is true of a nail 
driven into wood. These two properties of matter are 
all that are absolutely essential to its existence ; yet 
there are various other properties which belong to 
matter in general, or at least to numerous classes of 
bodies, more or less of which are present in all bodies 
with which we are acquainted. Such are Divisibilityi 
Porosity, Compressibility, Elasticity, Indestructibility, 
and Attraction. Matter exists in three different states, 
of solids, liquids, and gases. These result from its 
relation to heat ; and the same body is found in one or 
the other of these states, according as more or less 
heat is combined with it. Thus, if we combine witJi 
a mass of ice a certain portion of heat, it passes from 
the solid to the liquid state, forming water ; and if we 
add to water a certain other portion of heat, it passes 
into the same state as air, and becomes steam. Chem- 
istry makes known to us a great number of bodies in 

13. What are the two e$$eniiai properties of matter 1 Why doei 
extenaioa belong to all matter 1 Define impenetrabiUty, and give 
an example, what other properties belong to matter! In what 
three difierent atates does matter exist 1 Ooiw exemplified v - 
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the aeriform state, called gases, arising from the union 
of heat with various kinds of matter. The particles 
which compose water, for example, are of two kinds, 
oxygen and hydn^en, each of which, when united 
with heat, forms a peculiar kind of air or gas. 

14. Matter is divisible into exceedingly minute parts, 
A leaf of gold, which is about three inches square, 
weighs only about the fifth part of a grain, and is only 
the 2B2,000th part of an inch in thickness. Soap 
bubbles, when blown so thin as to display their gaudy 
colors, are not more than the 2,000,000th of an inch 
thick ; yet every such film consists of a vast number 
of particles. The ultimate particles of matter, or 
those which admit of no further division, are called 
atoms. The atoms of which bodies are composed are 
inconceivably minute. The weight of an atom of 
lead is computed at less than the three hundred bil- 
lionth part of a grain. Animalcules (insects so small 
as to be invisible to the naked eye, and seen only by 
the microscope) are sometimes so small that it would 
take a million of them to amount in bulk to a grain of 
sand ; yet these bodies oflen have a complete organi- 
zation, like that of the largest animals. They have 
numerous muscles, by means of which they often 
move with astonishing activity ; they have a digestive 
system by which their nutriment is received and ap- 
plied to every part of their bodies ; and they have 
numerous vessels in which the animal fluids circulate. 
What must be the dimensions of a particle of one of 
these fluids ! 

lb, A large portion of the volume of all bodies con^ 
sists of vacant spaces, or pores. Sponge, for example, 
exhibits its larger pores distinctly to the naked eye. 

terl What are bodies in the state of air called 1 What agent 
maintains matter in the state of gas % 

14. JQ>io»«i6itty.— Examples in gold leaf— soap bubbles. What are 
•tomi t^weight of an atom of lead 1 What are animakolet'! 
Show the extreme roinutenesB of their parts 
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But it also has smaller pores, of which the more sdlirf 
matter of the sponge itself is composed, which are 
usually so small as to be but faintly discernible to the 
naked eye. The cells which these parts compose are 
separated by a thin fibre, which itself exhibits to the 
microscope still finer pores ; so that we find in th« 
same body several distinct systems of pores. Even 
the heaviest bodies, as gold, have pores, since water, 
when enclosed in a gold ball and subjected to strong 
pressure, may be forced through the sides. Most an- 
imals and vegetables consist in a great degree of mat- 
ter that is exceedingly porous, leaving abundant room 
for the peculiar fluids of each to circulate. Thus, a 
thin slip or cross section of the root or small limb of a 
tree, exhibits to the microscope innumerable cells for 
the circulation of the sap. 

16. All bodies are more or less compressible^ or may 
be reduced by pressure inio a smaller space. Bodies 
differ greatly in respect to this property. Some, as 
air or sponge, may be reduced to a very small part of 
tlieir ordinary bulk, while others, as gold and most 
kinds of stone, yield but little to very heavy pressures. 
Still, columns of the hardest granite are found to un- 
dergo a perceptible compression when they are made 
to support enormous buildings. Water and other 
liquids strongly resist compression, but still they yield 
a little when pressed by immense forces. 

17. Many bodies, after being compressed or extended^ 
restore themselves to Uteir former dimensions, and hence 
are called elastic. Air confined in a bladder, a sponge 
compressed in the hand, and India-rubber drawn out, 
are ^miliar examples of elastic bodies. If we drop 

16. PorotUy. — Example in sponge. What proof ii there that 
gold 18 porous 1 How do we learn that animal and Yepet^ble mat- 
ter is porous 1 

16. CoMureMibiOly.— How do bodies differ in this rcspecti .What 
bodies eanly yield to presnire 1— what yield Uttle 1 How is it with 
fniiite V-witn water % 
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OB tin floor a ball of yarn, or of ivory or glan, it i«- 
boundat being more or less elastic ; whereas, if we do 
the «aiiM with a ball of lead, it falls dead without re- 
boundiDg, and is therefore non-elastic. When a body 
perfectly recovers its original 
^'f- ^' dimensions, it is said to ^ 

jterfecUy eliutie. Thus, air is 
IJerfectly elastic, because it 
completely recovers its former 
volume, as soon as the conv 
pressing force is removed, 
~ and hence resists compression 
with a force equal to that 
which presses upon it. Wood, 
when bent, seeks to recover 
itself on account of its elasti- 
city ; and hence its use in the 
bow and arrow, the force with 
which it recovers itself being 
suddenly imparted to the ar- 
row through the medium of 
the string. 
18. Matter u whoUy indestructible. In all the chan- 
ges which we see going on in bodies around us, not a 
particle of matter is lost ; it merely changes its form ; 
nor is there any reason to believe that there is now a 
panicle of matter either more or less than there was 
at the creation of the world. When we tioil water 
an<i it passes to the invisible state of steam, this, on 
cooling, returns again to the state of water, without 
the least loss ; when we bum wood, the solid matter 
of which it is composed passes into different forms, 

n. XinMeilV'— Giv* czamplea. Show ihe die'erence bclwp«B 
balli of nmj and lod. When ii ■ body ptrftctlg claMic 1 Give 
•■ Hainile. Ejpliia itw philcMnhir of the bow tod arrow. 

lCMmiiwHSii:~lM auucr ever umihiUled or dcMtoreai 
What bvcomei cd* water when boiled, aod of wood when boned * 
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some ii^o smoke, some into difierent kinds of atn, or 
gasesy aorae into steam, and some remains behind ia 
liie state of ashes. If we should collect all theso 
yarioos products, and weigh them, we should find tli4 
amounit of their several weights the same as that of 
the body from which they were produced, so that Ja6 
porti<m is lost. Each of the substances into which 
the wood was resolved, is employed in the economy 
of nature to construct other bodies, and may finally 
reappear in its original form. In the same manner, 
the bodies of animals, when they die, decay and seem 
to ponah ; but the matter of which they are composed 
merely passes into new forms of existence, and reap- 
pears in the structure of vegetables or other animals. 
19. AH maUer aUraets all other matter. This is 
true of all bodies in the Universe. In this extensive 
sense, attraction is called TJniverwl Gravitation. In 
consequence of the attraction of the earth for bodies 
near it, they fall toward it, and this kind of attraction 
is called Crravity. Several distinct cases of this Pipp- 
erty occur also among the particles of matter. That 
which unites particles of the same kind (as those of a 
musket ball) in one mass, is called Aggregation ; that 
which unites particles of different kinds, forming a 
compound, (as the particles of flour, water, and yeast 
in bread,) is Affinity. The term Cohetion is used to 
denote simply the union of the separate parts that 
make up a mass, without considering whether the par- 
ticles themsdves are simple or compound. Thus the 
grams which form a rock of sandstone, are united by 
cohesion. Magnetism and electricity also severally 
endue different portions of matter with tendenmes 
either to attract or repel each other, which are called^ 

What becomes of the bodies of animals when Uiey die 1 

19. JUradtaii.-^ow eztenaivcl What is it called when api> 

ilM (o ail the bodies in the univetse 1 Whv do bodies fall towafd 

i&e earth 1 What is UuskiikloraltractioB cdled t Whatis aa^gsp 

tionl— aShrtyV-eoheaiottl Give an example of caea. Whatvs 
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respeotiTely, S^igntHc and Eketrie aKractions. Te- 
neeUy, or that force by which the particles of matter 
hang tog;ether, is only a form of cohesion. Of all 
known eubstances, iron wire haa the greatest tenacity. 
A number of fine wires bound ti^ther constitute what 
is called a wire cable. These cables are of such pro- 
digious strength that immense bridges aie sometimes 
Fig. 2. 



suspended by them. The Menai bridge, in Wales, 
<me of the greatest works in modern times, is thus 
supported at a great height, although it weighs toward 
two thousand tons. 



CHAPTER II. 
MECHANICS 



20. Mechanics, or the Doctrine of Motior, m that 
pari of Natural PkiloaophT/ which treats of the laaa ^ 
tquUHmum and motion. It considers also the nature 
of the force* which put bodies in motion, or which 
maintain them either in motion, or in a state of rest or 
equilibrium. The great principles of motion are the 

■nignMic uid elECtiic alUBCIiaiul Define Icaacilv. What ub- 
(tance haa the greateitl Hon emploved in biidgeal 
K. Defile mechanics. What are thoee aeenla called which pal 
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same everywhere, being applicable alike to solids^ 
liquids, and gases ; to the most common objects around 
us, and to the heavenly bodies. The science of Me- 
chanics, therefore, comprehends all that relates to the 
laws of motion ; to the forces by which motion is pro- 
duced and maintained ; to the principles and construc- 
tion of all machines ; and to the revolutions of the 
heavenly bodies. 

Section 1. — Of Motion tn general. 

21. Motion is change of place from one point of 
space to another. It is distinguished into real and 
apparent ; absolute and relative ; uniform and variable. 
In real motion, the moving body itself actually changes 
place ; in apparent motion, it is the spectator that 
changes place, but being unconscious of his own mo- 
tion, he refers it to objects without him. Thus, when 
we are riding rapidly by a row of trees, these seem 
to move in the opposite direction ; the shore appears 
to recede from the sailor as he rapidly puts to sea ; 
and the heavenly bodies have an apparent daily motion 
westward, in consequence of the spectator's turning 
with the earth on its axis to the east. Absolute mo- 
tion is a change of place from one point of space to 
another without reference to any other body : Relative 
motion is a change of position with respect to some 
other body. Two bodies may both be in absolute mo- 
tion, but if they do not change their position with 
respect to each other, they will have no relative mo- 
tion, or will be relatively at rest. The men on board 
a ship under sail, have all the same absolute motion, 

bodies in motion or keep them at rest 1 How extenavely do the 
great principles of motion prevail 1 What does the science of me- 
chanics comprehend 1 

21. Define motion. Into what varieties is it distinguished 1 Ex- 
plain the difference between real and apparent motion. Give ex- 
amples of apparent motion. Distinguish between absolute and re- 
lative motion. Example in the case of persons on board a shlp^ 

3 
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and 80 long as they are still, they have no other ; but 
whatever changes of place occur among theniselvesy 
give rise to relative motions. If two persons are 
travelling the same way, at the same rate, whether in 
company or not, they have no relative motion ; if one 
goes faster than the other, the latter has a relative 
motion backward equal to the difference of their rates ; 
and if they are travelling in opposite directions, their 
relative motion is equal to the sum of both their mo- 
tions. A body moves with a uniform motion when it 
passes over equal spaces in equal times ; with a varu 
dbie motion, when it passes over unequal spaces in 
equal times. If a man walks over just as many feet 
of ground the second minute as the first, and the third 
as Sie second, his motion is uniform ; but if he should 
Walk thirty feet one minute, Ibrty the next, and fifty 
the next, his motion would be variable. 

22. Force is any thing that moves, or lends to move a 
body. The strength of an animal exerted to draw a 
carriage, the impulse of a waterfall in turning a wheel, 
and the power of steam in mi ving a steamboat, are sev- 
erally examples of a force. A weight on one arm of 
a pair of steelyards, in equilibrium with a piece of 
merchandise, although it does not move, but only tends 
to move the body, is still a force, since it would pro- 
duce motion were it not counteracted by an equal force* 
The quantity of motion in a body is called its momen" 
turn. Two bodies of equal weight, as two cannon^ 
balls, will evidently have twice as much motion as 
one ; nor would it make any difference if they were 
united in one mass, so as to form a single body of 
twice the weight of the separate balls ; the quantity of 
motion would be doubled by doubling the mass, while 
the velocity remained the sane,. Again, a ball thet 



in the case of travellenl When do<«8 a body move with unifarm 
motion 1 When with vmiabU motioc 1 Example. 
S. Define force. Examples. Wha is momentum 1 Upon whait 
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moves twice as fast as before, has twice the quantity 
of motion. Momentum therefqre depends upon two 
things — ^the velocity and quantity of matter. A large 
body, as a ship, may have great momentum with a slow 
motion ; a small body, as a cannon-ball, may have 
great momentum with a swifl motion ; but where great 
quantity of matter (or mass) is united with great swift- 
ness, the momentum is greatest of all. Thus a train 
of cars on a railroad moves with prodigious momen- 
tum ; but the planets in their revolutions around the sun, 
with a momentum inconceivably greater. 

23. To the eye of contemplation, the world presents 
a scene of boundless activity. On the surface of the 
earth, hardly any thing is quiescent. Every tree is 
waving, and every leaf trembling ; the rivers are run- 
ning to the sea, and the ocean itself is in a state of 
ceaseless agitation. The innumerable tribes of ani- 
mals are in almost constant motion, from the minutest 
insect to the largest quadruped. Amid the particles of 
matter, motions are unceasingly going forward, in as- 
tonishing variety, that are effecting all the chemical 
and physiological changes to which matter is constantly 
subjected. And if we cont^^mplate the same subject 
on a larger scale, we see the earth itself, and all that 
it contains, turning with a steady and never ceasing 
motion around its own axis, wheeling also at a vastly 
swifter rate around the sun, and possibly accompany- 
ing the sun himself in a still grander circuit around 
some distant center. Hence, almost all the phenom- 
ena or effects which Natural Philosophy has to invest 
tigate and explain are connected with motion and de- 
pendent on it. 

■!-■'■'■' I I III I ■ .1 ■ II , I ^ 

two things does it depend 1 What onion of circumstances produeei 
great momeotttm 1 Example. 

23. What proofs of activity do we see in nature *! Give examplei 
in the vegetable kbgdom— in the animal— among the particles of 
matter— aiid' among the heavenljr l>odie8. Upon what are aunosl 
«ll the phenomena of Natural Philosophy dependent 1 
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Sec. 2. — Of the Laws of Motion. 

24. Nearly all the varieties of motion that fall with 
in the province of Mechanical Philosophy, have been 
reduced to three great principles, called the Laws of 
Motion. We will consider them separately. 

First Law. — Every body will persevere in a state of 
rest, or of uniform motion in a straight line, until com" 
pelled by some force to change its slate. This law 
contains four separate propositions ; first, that unless 
put in motion by some external force, a body always 
remains at rest ; secondly, that when once in motion 
it always continues so unless stopped by some force ; 
thirdly, that this motion is uniform ; and fourthly, that 
it is in a straight line. Thus, if I place a ball on a 
smooth sheet of ice, it will remain constantly at rest 
until some external force is applied, having no pc^er 
to move itself. I now apply such force and roll it ; 
being set in motion, it would move on forever were 
there no impediments in the way. It will move uni- 
formly, passing over equal spaces in equal times, and 
it will move directly forward in a straight course, turn- 
ing neither to the right hand nor to the left. This 
property of matter to remain at rest unless something 
moves it, and to continue in motion unless something 
stops it, is called Inertia, Thus the inertia of a steam- 
boat opposes great resistance to its getting fully into 
motion ; but having once acquired its velocity, it con- 
tinues by its inertia to move onward after the engine is 
stopped, until the resistance of the water and other 
impediments destroy its motion. The planets continue 
to revolve around the sun for no other reason than 
this, that they were put in motion and meet with noth- 
ing to stop them. Whenever a horse harnessed to a 
carriage starts suddenly forward, he breaks his traces, 

■■ I'll I ■ ■ ■■ ■ ■■ ——^^^^^^^—^.^^^^^ III. ■■■■.■■^. ■■ ■ ^^^^^^^^^,^^^^^^^^^^^^^^^^^^^^^^ 

24. To how many great principles have all the varieties of motion 
been reduced 1 What are they called 1 State the fint law. Enu 
merate the foor propomtions contained in this law. Example 
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because the inertia of the carriage prevents the sudden 
motion being instantly propagated through its mass, 
and the force of the horse being all expended on the 
traces, breaks them. On the other hand, if a horse 
suddenly stops, when on a run, the rider is thrown 
over his head ; for having acquired the full motion of 
the horse, he does not instantly lose it, but, on ac- 
count of his inertia, continues to move forward after 
the force that put him in motion is withdrawn. This 
principle is pleasingly illus- 
trated in what is called the 
doubling of the hare. A hare 
closely pursued by a grey- 
hound, starts from A, and when 
he arrives at C, the dog is '/ 
hard upon him ; but the hare 
being a lighter animal than 
the d(^, and having of course 
less inertia, turns short at C 
and again at E, while the dog 
cannot stop so suddenly, but goes further round at 
D and also F, and thus the hair outruns him. Put 
a card of pasteboard across a couple of wine glass- 
es, and two sixpences di- 
rectly over the glasses, 
as in the figure ; then 
strike the edge of the 
card at A a smart blow, 
and the card will slip 
off and leave the money 
in the glasses. The 
coins, c»i account of their inertia, do not instantly 
receive the motion communicated to the card. If the 
blow, however, be gentle, all will go off together. 




Fijr. 4. 




What 18 inertia 1 Example in a steamboat— in the plancte— in a 
hon»— in the doubling of a hare— and in the card and coin. 
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Fig. 5. 
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35, The firvt law of motioQ also asserts, thai all 
noving bodies have a tendency to move in simgH 
Unes. We see, indeed, but few examples of such 
motions either in nature or art. If we throw a ball 
upward, it rises and falls in a curve ; water spouting 
into the air does the same ; rivers usually r^n and 
trees wave in curves; and the heavenly bodies re- 
volve in apparent circles. Still, when we attentively 
'examine each of these cases, and every other case of 
motion in curves, we find one or more forces opera- 
ting to cause the body to deviate from a 
straight line. When such cause of de- 
viation is removed, the body immedi- 
ately resumes its prepress in a straight 
line. This effort of bodies, when mov- 
ing in curves, to proceed directly for- 
ward in a straight line, is called the 
Centrifugal Force. If we turn a grind- 
stone, the lower part of which dips into 
water, as the velocity increases the 
water is thrown off from the rim in 
straight lines which touch the rim and 
are therefore called tangenit^ to it ; and 
it is a general principle, that when bodies 
free to move, revolve in curves about a 
center, they have a constant tendency to 
fly off in straight lines, which are tan- 
gents to the curves. We see this princi- 
ple exemplified in giving a rotary roo- 
„ tion to a pail or basin of water. The 

liquid first rises on the sides of the vessel, and if the 
rapidity of revolution be increased, it escapes froni 

* A line li nid to be a tangeot to a eunre, when it toucbes tlie curve, but 
doef not eut it 




25. Are the motions observed in the natural world, usually per- 
formed in straight or in curved lines 1 Why then is it said that bod- 
natunUy move in straight lines 1 What is this effort to move io 



tfae top in straight lines which are tangents to the rim 
of the vessel. If we pass a cord through a staple in 
the ceiling of a room, and bringing cfewn the two 
ends, attach them to the ears of a pail containing a 
Uitle water, (suspending the vessel a few feet alnve 
the floor,) and then, applying the palms of the hands 
to the opposite sides of the pail, give it a steady rotary 
motion, the water will first rise on the sides of th 
vessel and finally be projected from the rim in tan* 
gents. The experiment is more striking if we sufier 
the cord to untwist itself freely, after having been 
twisted in the preceding process. 

26. Second Law. Matum^ or change if mtMm^ 
is proportioned to the force impressed, and is produced 
in the line of direction in which ihai force acts. First, 
the quantity of motion, or momentum, is proportioned 
to ths force applied. A double blow produces a 
doable velocity upon a given mass, or the same velo- 
city upon twice the mass. Two horses applied with 
equal advantage to a load, will draw twice the load 
of one horse. It follows also from this law, that every 
force applied to a body, however small that force may 
be, produces some motion. A stone falling on the 
earth nooves it. This may seem incredible ; but if 
we suppose the earth divided into exceedingly small 
parts, each weighing only a pound fi>r example, then 
we may readily conceive how the falling ^ne would 
put it in motion. Now the effect is not lost by being 
expended on the whole earth at once ; the mom^ii- 
tum produced is the same in both cases ; but in pro- 
ponioQ as the quantity of matter is increased the 
velocity is diminished, and it would be as much less 



Btraight lines called 1 Example in a grindstone— in a suspended 

26. What is the second law of motion *! Show that the qaantity 
of motion is proportioned to the force applied. Explain now the 
rniayest force produces tome motion. 
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as the weight of the whole earth exceeds one pound. 
It would therefore be inappreciable to the senses, but 
still capable of being expressed by a fraction, and 
therefore a real quantity. *' A continual dropping 
wears away stone." Each drop, therefore, must con- 
tribute something to the effect, although too small to 
be perceived by itself. 

27. Secondly, motion is produced in the line of 
direction in which the force is applied. If I lay 9 
ball on the table and snap it with my thumb and finger 
it moves, in different directions according as I change 
the direction of the impulse ; and this is conformable 
to all experience. A single force moves a body in 
its own direction, but two forces acting on a body at 
the same time, move it in a line that is intermediate 
between the two. Thus, if I place a small ball, as a 
marble, on the table, and at the same moment snap it 
with the thumb and finger of each hand, it will not 
move in the direction of either impulse, but in a line 
between the two. . A more precise consideration of 
this case has led to the following important law : 

JjT a body is impelled by two forces which may he re- 
presented in quantity and direction by the two sides of 
a parallelogramj it wHl describe the diagonal in the same 
time in which it would have described each of the sides 
separately y by the force acting parallel to that side. 

Thus, suppose the parallelogram A B C D, repre- 
sents a table, of which the side A B is just twice the 
length of A D. I now place the ball on the corner A, 
and nail a steel spring (like a piece of watch spring) 
to each side of the comer, so that when bent back it 
may be sprung upon the ball, and move it parallel to 
the edge of the table. I first spring each force sep- 
arately, bending back that which acts parallel to the 

27. Show Uiat motion is in the line of direction of the force. 
How does a single force move a body 1 How do two forces move 
it 1 Recitfi the law represented in figure 6, and explain the figure. 
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longer side so much further than the other, that the 
ball will move over the two sides in precisely the 



Fig. 6. 





same time, sup- 
pose two sec- 
onds. I now let 
off the springs 
on the bair at 
the same in- 
stant, and the 
ball moves a- 
cross the table, 
from comer to 
comer, in the 
same two sec- 
onds. It is not necessary that the parallel(^ram 
should be right-angled like a table. The effect will 
be. the same at whatever angle the sides of the paral- 
lelogram meet. 

28. If I take a triangular board instead of the table, 
and fix three springs at one corner, so as to act paral- 
lel to the three sides of the board, and give each 
spring a degree of strength proportioned to the length 
of the side in the direction of which it acts, and then 
let all those springs fall upon the ball at the same in- 
stant, the ball will remain at rest. This fact is ex- 
pressed in the following proposition : 

If three forces^ represerUed in quantity and direction 
hy the three Mes of a triangle, act upon a body at the 
same time, it will be kept at rest. 

A kite is seen to rest in the air on this principle, 
being in equilibrium between the force of gravity 
which would carry it toward the earth, that of the 
string, and that of the wind, which severally act in 
the three direclions of the sides of a triangle, and 



28. What is the effect of three forces, represented m quantity and 
direction by the three sides of a triangle 1 How does a kite exem- 
plify this principle 1 la the principle confined to three direcUonsl 
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neittralize each other. Nor is the principle confined 
to three directions merely, but holds good for a polj" 
gon of any number of sides. For example, a body 
situated at A, and acted upon by five forces repre- 

sented in quantify 
^*^«f'^- and direction by 

the five sides of 
the polygon, (Fig. 
7,) would remain 
at rest. If the for- 
ces were only four, 
corresponding to 
all the sides of the 
figure except the 
last, EA, then the 
body would de- 
scribe this side in 
the same time in 
which it would de- 
scribe each of the sides by the forces acting sepa- 
rately. 

29. Simple motion is that produced by one force ; 
compound motion, that produced by the joint action of 
several forces. Strictly speaking, we never witness 
an example of simple motion ; for when a ball is 
struck by a single impulse, although the motion is 
simple relatively to surrounding bodies, yet the ball 
is at the same time revolving with the earth on its 
axis and around the sun, and subject perhaps to innu- 
merable other motions. Although all bodies on the 
earth are acted on at the same moment by many for- 
ces, and therefore it is difficult or even impossible to 
tell what is the line eacK describes in ^ace under 




Case of a polygon of iive sides. Where only four forces are ap- 
plied, how will the body move 1 

29. What is simple, and what compound motion 1 Do we ever 
witness simple motions in nature 1 Example. When a force is 
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their joint action, yet each individual ibroe prodtfoM 
precisely the same change of direction in the body 
as though it were to act alone. If it acts in the saimi 
direction in which the body is moving, it will add its 
own amount ; if in the opposite direction, it will sub- 
tract it ; if sidewise, it wiil turn the body just as far 
to the right or left in a given time, as it would have 
done had it been applied to the body at rest. Thus, if 
while a body is moving p. o 

from A to B, (Fig. 8,) it c B 

be struck by a force in the 
direction of AC, it will 
reach the line CD, in the 
same time in which it 
would have done liad it 
been subject to no other 
force. It will, however, 
reach that line in the point 
D instead of C. When a a"^ 
man walks the decks of a ship under sail, his motions 
are precisely the same with respect to the other objects 
on board, as though the ship were at rest ; but the line 
which he actually describes under the two forces is 
very different. 

30. Instances of this diagonal motion are con- 
stantly presented to our notice. In crossing a river, 
the boat moves under the united impulses of the oan 
and the current, and describes the diagonal whose 
sides are proportional to the two forces respectively* 
Equestrians sometimes exhibit feats of horsemanshif 
by leaping upward from the horse while running, and 
recovering their position again. They have, in fact, 




applied to a body in motion, what is the effect 1 Explain from Fig 
8. Case of a man walking the deck of a ship. 

90. Examples of diagonal motion. A boat croeaing a nver-r 
E<|Bestriasit--Two men in a boat tossing a ball— Rowing. 



88 NJITURAL PHILOSOPHY. 

only to rise aiid fall as they would do were the horse 
at rest | for the forward motion which the rider re- 
tains by his inertia, during the short interval of his 
ascent and descent, carries him onward, so that he 
rises in one diagonal and falls in another. Two men 
sitting on opposite sides of a boat in rapid motion, will 
toss a ball to each other in the same manner as though 
ttie boat were at rest ; but the actual movement of the 
ball will be diagonal. Rowing, itself, exemplifies the 
same principle ; for while one oar would turn the 
boat to the left and the other to the right, it actually 
moves ahead in the diagonal between the two direc- 
tions. 

31. When, of two motions impressed upon a body, 
one is the uniform motion which results from an im- 
pulse, and the other is produced by a force which acts 
continually, the path described is a curve. Thus, 
when we shoot an arrow into the air, the impulse given 
by the string tends to carry it forward uniformly in a 
straight line ; but gravity draws it continually away 
from that line, and makes it describe a curve. In 
the same nnanner the planets are continually drawn 
away from the straight lines in which they tend to 
move, by the attraction of the sun, and are made to 
describe curved orbits about that body. 

32. Third Law. When bodies act on each oiher^ 
action and reaction are equal, and in opposite directions. 
The meaning of this law is, that when a body imparts 
a motion in any direction, it loses an equal quantity 
of its own — ^that no body loses motion except by im- 
parting an equal amount to other bodies — that when a 
body receives a blow it gives to the striking body an 
equal blow — ^that when one body presses on another it 
receives from it an equal pressure — ^that when one body 

81. Under what two forces will a body describe a curve "? Exam- 
^ea— An arrow^The planets. 

82. Give the third law of motion. Explain its meaning. Exam- 
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attracts or repels another, it is equally attracted or 
pelled by the other. If a steamboat should run upon 
a sloop sailing in the same direction with a slower 
motion, it might drive it headlong without experien- 
cing any great shock itself; still its own loss of motion 
would be just equal to tbat which it imparted to the 
sloop, but being distributed over a quantity of matter 
so much greater, the loss might be scarcely percep- 
tible. If a light body, as the wad of a cannon, were 
fired into the air, it would be stopped by the resistance 
of the air ; but its own motion would be lost only as it 
imparted the same amount to the air, and thus might 
be sufficient, on account of the lightness of air, to set 
a large volume in motion. When the boxer strikes his 
adversary, he receives an equal blow from the reaction 
of the part struck ; but receiving it on a part of less 
sensibility, he is less injured by it than his adversary 
by the blow inflicted on him. One who falls from an 
eminence on a bed of down, receives in return a resist- 
ance equal to the force of the fall, as truly as one who 
falls on a solid rock ; but, on account of the elasticity 
of the bed, the resistance is received gradually, and is 
therefore distributed more uniformly over the system. 
A boatman presses against the shore, the reaction of 
which sends the boat in the opposite direction. H« 
strikes the water with his oar backward, and the 
boat moves forward. The fish beats the water with 
his tail, first on one side and then on the other, and 
moves forward in the diagonal between the two reac- 
tions. The bird beats the air with her wings, and the 
resistance carries her forward in the opposite direc- 
tion. All attractions likewise are mutual. The iron 
attracts the magnet just as much as the magnet attracts 
the iron. The earth attracts the sun just as much as 
the sun attracts the earth. In all these cases the mo- 



des of a steamboat running upon a sloop— a wad fircflinlo the aij>-« 
boxer-luting upon a featber bed—a boatman— a bird— attracttona. 
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mentum or qu«ntlty of motion in the smaller and the 
Uiver bodr, is the same. Thus, when a small boat 
ia arawn % a rope toward a large ship, the ship 
mores toward tlie boat as well as the boat toward the 
ship, and frilh the same momentum ; but the space 
orer which the ship moves is as much less than that 
of the boat, as its (]uantity of matter is greater. It 
makes no difference whether the boat is drawn to- 
ward the ship by a. man standing in (he boat and pull- 
ing at a rope fastened to the ship, or by a man stand- 
ing'in the ship and pulling by a rope fastened to the 
boat. A fisherman once fancied he coult) manu&cture 
a breeze for himself 
Kf* ^ by mounting a pair 

of huge bellows in 
the stem of his boat, 
and directing the 
blast upon the sail. 
But he was surprised 
to find that it had no 
effect on the motion 
of the boat. We see 
that the reaction of 
» the blast would tend 
to carry the boat 
backward just us much as its direct action tended to 
carry the boat forward. 

93. Fallino bodies. When a body falls freely 
toward the earth from some point above it, it falls coo- 
tiitually faster and fester the l<»iger it is in falling. Its 
motion therefore is said to be uni/bmi/y aeceleraled. 
All bodies, moreover, light and heavy, would &11 
equally fast were it not for the resistance of the air, 
which buoys up the lighter body more llwn it does the 



Compur Iha Dioin»liHn orannall b«t with Llial ofa large ibipwlicn 

dnwn iwather. CsH of > mu wfao pal ■ pair oT brUawi M bit bott. 

n. Wba ti Ihs Biotiaa of a body nid to be nnifomlf *» ' 
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heavier ; but in a space free from air, or a yaouuniy 

a feather falls just as fast as a guinea. If a boy knocks 
a ball with a bat on smooti^ ice, it will move on uni- 
formly by the impulse it has received ; but if several 
other boys strike it successively the same way, its 
velocity is continually increased. Now gravity is a 
force which acts incessantly on falling bodies, and 
therefore constantly increases their speed. If I as- 
cend a high tower and let a ball fall from my hand 
to the ground, it will fall 16^ fbet in one second, 64^ 
in two seconds, and 257^ in four seconds ; that is, a 
body will fall four times as far in two seconds as in 
one, and sixteen times as far in four seconds as in 
one. Now four is the square of two, and sixteen b 
the square of four ; so that the spaces described by a 
falling body are proportioned, not simply to the times 
of falling, but to the squares of the times ; so that a 
body falls in ten seconds not merely ten times as far 
as in one second, but the square of ten, or a hundred 
times as far* 

34. Hence, when bodies fall toward the earth from 
a great height, they finally acquire prodigious speed. 
A man falling from a balloon half a mile high, would 
reach the eailJi in about half a minute. We seldom 
see bodies falling from a great height perpendicularly 
to the earth ; but even in rolling down inclined planes, 
as a rock descending a steep mountain, or a rail oar 
breaking loose from the summit of an inclined plane, 
we see strikingly exemplified the nature of aocele* 
rated motion. A log descending by a long wooden 
trough down a steep hill, has been known to acquire 
momentum enough to cut in two a tree of considerable 

ted 1 How would a guinea and a feather fall in a vacuam 1 Caee of 
a ball knocked on ice. How much farther will a body fall in two 
•econds than in one 1 How are ihe epacea of fiJling bodiee pro- 
portioned to the times of fiUling 1 . „ . ,. 

84. In what time wonld a man faU from a.baUopn half a imto 
hi^l Where do we aec the rapid acceleration of lalUnic bodies 



40 NATURAL PHILOSOPHY, 

size, which it met on leaping from the trough. At a 
great distance from the earth, the force of gravity be- 
comes sensibly diminished, so that if we could ascend 
in a balloon four thousand miles above the earth, that 
is, twice as far from the center of the earth as it is 
from the center to the surikee, the force of attraction 
would be only one fourth of what it is at the surface of 
the earth, and a body instead of falling 16 feet in a 
second would fall only 4 feet. At ten times the distance 
of the radius of the earth, the for-ee of gravity would 
be only one hundredth part of what it is at the earth. 
This fact is expressed by saying, that the force of 
gravity is inversely as the square of the distance from 
the center of the earth, diminishing in the same propor- 
tion as the square of the distance increases. As the 
moon is about sixty times as far from the center of the 
earth as the surface of the earth is from the center, if 
a body were let fall to the earth from such a distance, 
(the force of gravity being the square of 60, or 3600 
times less than it is at the earth,) the body would be- 
gin to fall very slowly, moving the first second only 
the twentieth part of an inch. Were a body to fall 
toward the earth from the greatest possible distance, 
the velocity it would acquire would never exceed 
about 7 miles in a second ; and were it thrown up- 
ward with a velocity of 7 miles per second, it would 
never return. This, however, would imply a velocity 
equal to about twenty times the greatest speed of a 
cannon-ball. 

35. When a body is thrown directly upward, its as- 
cent is retarded in the same manner as its descent is 
accelerated in falling ; and it will rise to the height 



exemplified 1 Case of a tree leaping from a trough. How is the 
^'^«®'?,S'*^**y ?^ ^^^ distances from the earth VHow, 4000 miles 
off 1 How, at the distance of the moon 1 State the law by which 
sravity decreases. What velocity would a. body acquire by falling 
th>m the grreatest possible distance 1 How far would it go it thrown 
upward with a velocity of 7 miles per second 1 
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fiom which it would have fallen in order to acquire the 
yeJocity with which it is thrown upward. 

36. ViBSATosr Motion. Vibratory nxytion is that 
which is ahematelv backward and forward, like the 
motion of the pendulum of a clock. 
A pendulum performs its vibrations 
in equal times, whether they are loi 
or short. Thus, if we suspend two 
bullets by strings of exactly equal 
lengths, and make one vibrate over a 
small arc and the other over a large 
arc, they will keep pace with each 
other nearly as well as when their 
lengths of vibration are equal. Long 
pendulums vibrate slower than short 
ones, but not as much slower as the 
length b greater.. A pendulum, to 
vibrate seconds, must be four times 
as long as to vibrate half seconds ; 
to vibrate once in ten seconds it 
must be a hundred times as long as 
to vibrate in one second, the com- 
parative slowness being proportional 
to the square of the length. The motion of a pendu- 
lum is caused by gravity. If we draw a pendulum out 
of its position when at rest, and then let it fall, it will 
descend again to the lowest point, but will not stop 
there, for the velocity which it acquires in falling will 
be sufficient, on account of its inertia, to carry it to the 
same height on the other side, (Art. 85,) whence it 
will return again and repeat the same process ; and 
thus, were it not for the resistance of the air, and the 
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35. When a bodv is thrown upward, in what manner is it re- 
tarded 1 How hign will it rise 1 

96. Define vibratory motion. How are the times of vibration of 
a pendulum 1 Example. How much longer is a pendulum that 
Tibrates seconds, than one that vibrates half seconds 1 How much 

4* 
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friction at the center of motion, the vibration would 
continue indefinitely. 

87. It is the equality in the vibrations of a pendu- 
lum, which is the foundation of its use in measuring 
time. Time may be measured by any thing which di- 
vides duration into equal portions, as the pulsations of 
the wrist, or the period occupied by a portion of sand 
in running from one vessel to another, as in the hour- 
glass ; but the pendulum can be made of such a length 
as to divide duration into seconds, an exact aliquot 
part of a day, and is therefore peculiarly useful for this 
purpose. Since, also, the pendulum which vibrates 
seconds at any given place, is always of the same in- 
variable length, it forms the best standard of measures 
by which all others used by society can be adjusted 
and verified. 

38. Pbojectile Motion. A body projected into 
the atmosphere, rises and falls in a curve line, as 
when a stone is thrown, or an arrow shot, or a can- 
non ball fired. The body itself is called a projectile, 
the curve it describes, the path of the projectile, and 
the horizontal distance between the points of ascent 
and descent, the range. When an arrow is shot, the 
impulse, if it were the only force concerned, would 
carry it forward uniformly in a straight line ; but the 
gravity continually bends its course toward the earth 
and makes it describe a curve. An arrow, (or any 
missile,) will have the greatest range when shot at an 
angle of 45** with the horizon ; and the range will 
be the same at any elevation above 45* as at the 
same number of degrees below 45*. A cannon 

■ ■ ■ ■' ' ' ' ' ■ II . I ■ !■ .. I II i n 

longer to vibrate in 10 seconds than in 1 1 What causes the motion 
of a pendulum 1 Why does it not vibrate forever 1 

87. On what property of the pendulum is itsuse for measuring time 1 
What other modes are there 1 Why is the pendulum better than other 
modes 1 On what principle does it become a standard of measures 1 

S8. When is a body called a projectile 1 What is the curve de- 
sciibtd called t The horizontal distance 1 At what angle of eleva- 



Dt at an elevation of eV will fall at the 

stance from the gun as when shot at an angle 

Thus, in the annexed diagram, a ship u 



fired on from a fort, as she is CLtteiiiptlng to pass it. 
The ball fired at an elevation of 45°, is Ihe only one 
that reaches the ship : the others fall short, and equally 
when aimed above and below 45°. 

39. If a cannon ball W( 
top of a lower, in the dire 
depend on the strength 



e fired horizontally from the 
■ n of P B, the range would 



of the charge. With 
an ordinary chaise, it 
would descend in the 
curve P D ; with a 
siroDger charge, it 
would move nearer to 
the horizontal line and 
descend in PE. We 
may conceive of the 
force being sufficient to 
carry the ball quite 
clear of the earth, and 
make it revolve around 
ft in tbe circle. 

lioa moH an aijow be «hot, t 

two aogles would the rangea 

IB. ^qihin Figure 19. 



Fig- 12- 




I h«vo the greiteat nnse 1 
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Sec. 3. — Cf ike Center of Gravity. 

40. The center of gravity of a body is a certain 
point about which all parts of the body balance each 
other, so that when that point is supported, the whole 
body is supported. If across a perpendicular support, 

FijT. 13. as G, (Fig. 13,) I lay a wire 

-. having a ball at each end, B C 

^ jSL there is one point in the wire, 

G and only one, upon which the 

balls will balance each other. This point is the 
center of gravity of all the matter contained in the 
wire and both balls. It is as much nearer the larger, 
B, as the weight of this exceeds that of C. When two 
boys balance one another at the ends of a rail, the 
lighter boy will require his part of the rail to be as 
much longer as his weight is less. The center ot 
gravity of a regular solid, as a cube, or a sphere, lies 
in the center of the body, when the structure of the 
body is uniform throughout ; but when one side is 
heavier than another, the center of gravity lies toward 
the heavier side. 

41. The line of direction is a line drawn from the 
center of gravity of a body perpendicularly to the 

Fig. 14 Fig. 15. 




F F 

horizon. Thus, G F, (Fig. 14 or 15,) is the line of 
direction. When the line of direction falls within the 



40. Define the center of gravity. Explain Figure 13. 

41. Explain Figure 14. where ia the center dT gravity o( a reso- 
lar figure atuatedl ' • 



S«M, (as in Fig. 14,) or part of the body on which it 
resW, the body will stand ; when this line falls without 
the base, (as in Fw. 15,) the body will fall. At Pi«, 
in Italy, is a cele- 
brated tower, called Tiz- 16- 
(he leaning lower. It 
slaods firm, although 
it looks as though it 
would fall every mo- 
ment ; and being ve- 
ry high, a view from 
the top is very exci- 
ting. Yel there is no 
danger of its falling, 
because the line of 
direction is far with- 
in the base. To ef- 
fect this, the lower J 
part of the tower isi 
made broader than I 
the upper parts, and 
of heavier materials. 

These two precautions carry the center of gravity low. 
Structures in the form of a pyramid, as the Egyptian 
pyramids, have great firmness, because the line of di- 
recticHi passes so far within the base. _, 

«. If we stick a couple of pen- ^''- "' 
knives in a small bit of wood, and poise 
Ihem on the finger, or adjust them 
so that the center of gravity will fall 
in (he line of a perpendicular pin, the 
pomt of the wood will rest firmly on 
the head of the pin, so that the knives 
may be made to vibrate on it up and 
down, or to revolve around it, wilh- 

beto 
Whrn 
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out falling off. A loaded ship is pot easily over- 
turned, because the center of gravity is so )ow, that 
the line of direction can hardly be made to fall with- 
out the base ; but a cart loaded with hay or bales of 
cotton is, on the other hand, easily upset, because 
the center of gravity is so high. A stage coach 
carrying passengers or baggage on the top, is much 
more liable to upset than it is when the load is all on 
a level with the wheels. A round ball, however 



Fi^. 18. 



large, will rest firmly on 
a very narrow base, be- 
cause the center of grav- 
ity (which is in the cen- 
ter of the ball) is always 
directly over the point of 
support ; and, according 
to the definition, when 
this is supported, the bo- 
dy is supported. In the 
annexed diagram, a hea- 
vy ball, connected with 
the figure, bends under 
the table, and thus brings 
the center of gravity of 
the whole within the base, 
so that the animal rests firmly on his hind legs. 

43. Animals with four legs walk sooner and more 
firmly than those with only two, because the line of 
direction is so much more easily kept within the 
base. Henoe, children creep before they walk, and 
the art of walking, and even of standing firmly, re- 
quires so nice an adjustment of the center of gravity, 
(which must always be kept over the narrow base 




42. Explain Fig. 18. Why is not a loaded ship easily overtam- 
ed t A cart loaded with hay — a stage coach— a round ball 1 

48. Why do four-legged animals walk sooner than two-legged 1 
Why do children creep before they walk 1 
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within the feet,) that it is learned only after much ex* 
perience. Children at school, also, are sometimes di- 
rected to turn out their toes when they walk, and to 
extend one foot from the other in taking a position to 
speak, because such attitudes, allowing a broader 
base for the line of direction, appear more firm and 
dignified. 

44. A boy promised another a cent, if he would 
pick it up from the floor, standing with his heels close 
against the wall. But in attempting to pick it up, 
he pitched upon his face. Performances on the slack 
rope, which often exhibit astonishing dexterity, depend 
upon a skilful adjustment of the center of gravity. 
The process is sometimes aided by holding in the 
hand a short stick loaded with lead, which is so flour* 
ished on one side or the other, as always to keep the 
center of gravity over the narrow base. Among the 
ancients, elephants were sometimes trained to walk a 
tightrope; a feat which was extremely difficult on 
account of the great weight of the animal. 

45. Bodies subject to no other forces than their 
mutual attraction, and in a situation to approach each 
other freely, will meet in their common center of 
gravity. If the earth and moon were lefl to obey fully 
their attraction for each other, they would immediate- 
ly begin to approach each other in a direct line, mov* 
ing slowly at first, but swifler and swifter, until they 
would meet in their common center of gravity, which 
would have its situation as much nearer to the earth 
as the weight of the earth is greater than that of 
the moon. So all the planets and the sun, if aban- 
doned to their mutual attraction, would rush together 
to a common point, which on account of the vast 
quantity of matter in the sun, lies within that body. 



44. Case of picking up the cent. Performances on the slack rope 
by men, and even by elephants, explained. . - •-. , 

45. Where will bodies meet by their matnal attraction 1 Exafn-'— 
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Indeed, were all the bodies in the universe abandoned 
to their mutual attraction, they would meet in their 
common center of gravity. 

Section 4. — Of the Principles of Machinery. 

46. The elements of all machines are found among 
the Mechanical Powers, which are six in number — ^the 
Lever, the Wheel and Axle, the Pulley, the Screw, 
the Inclined Plane, and the Wedge. That which 
gives motion is called the power ; that which receives 
it, the weight. The first inquiry is, what power, in 
the given case, is required just to balance the weight. 
Any increase of power beyond this, would of course 
put the weight in motion. It is a general principle in 
Machines, that the power balances the weigJU when it 
has jtist as much momentum. Now we may give a 
small power as much momentum as a great weight, by 
making it move over as much greater space in the 
same time, as its quantity of matter is less. One 
ounce may balance a thousand ounces, if the two be 
connected together in , such a way that the smaller 
mass, when they are put in motion, moves a thousand 
times as fast as the larger. If the momentum of the 
power be increased beyond that of the weight, as may 
be done by increasing its quantity of matter, then it 
will overcome the weight and make it move with any 
required velocity. Whatever structure connects the 
power and the weight is a machine. 

47. The Lever. Figure 19 represents a lever of the 
simplest kind, where P is the power, W the weight, and 

in the moon and earth, and all the bodies of the solar system — ^final- 
ly, all the bodies in the universe. 

46. What are the elements ofall Machines'! Enumerate the six Me- 
chanical powers. Distinguish between the power and the weight ? 
What is tne first inquiry respecting the power 1 What is a general 
principle in Machines, respecting momentum ? How may we give 
a small power as much momentum as a great weight 1 How may 
one ounce balance a thousand 1 What happens when the momen- 
tum of the power is increased beyond that of the weight 1 What 
does any structure that connects tne power and the weight become \ 
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F the fidemmf or point of aupport. Now P will jiiit 

Iialance W when its weight 

is as much less as its dis- Fig. 19. 

tance from the fulcrum isp|| ^ 

greater. For example, if it 

is three times as far from 

the fulcrum as W, then one 

pound will balance three ; three pounds will balanoe 

nine ; and, universally, in an equilibrium, the power 

multiplied into iU distance from the fulcrum^ mU equal 

the weight muUipUed iato its distance. In the present 

case, where the longer arm of the lever is three times 

the length of the shorter, a power of ten pounds will 

balance a weight of thir^. 

Fig. 20. 




4 



48. This principle is exemplified in a common pair 
of steel-yards. The same power is made to bal- 
ance dinerent weights of merchandise by attaching 
W to the shorter and P to the longer arm, and placing 
P in a notch that is as much farther from the fulcrum 

: • - 

*47. Explain Fig. 19. State the general principle of th« equilibri- 
um of the lever. Examples. , ,, . . 

48. Explain the principle of Steel-yards. How w the same 
power made to balance different weights 1 Explain the diffeiv 

5 
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as its weight is less than that of the merchandise, 
W. Steel-yards have commonly a smaller and a 
larger side ; the former being ounce, and the latter 
quarter-pound notches. On examining such a pair of 
steel-yards, it will be seen that the hook to which the 
merchandise is attached, is four times as far from the 
fulcrum, when we weigh on the small, as when we 
weigh on the large side. Hence, we have to move 
the counterpoise over four notches on this side to gain 
as much power as we gain in one notch on the other. 
The spaces over which the power and weight move 
respectively, are in the same proportion. Thus, when 
the counterpoise is made to balance a weight ten 
times as large as itself, it will be seen, by making the 
arm of the steel-yards vibrate up and down, that the 
counterpoise moves ten times farther, in the same time, 
than the weight does, and of course with ten times the 
velocity. Hence the momenta of the power and the 
weight are the same. A crow-bar illustrates the same 
principle, when a man lifls a weight much heavier 
than the amount of force he applies, by making that 
force act at the longer end of the lever. A pair of 
shears is formed of two such levers combined; and 
the nearer we bring the article to be cut to the ful- 
crum, the greater is the mechanical advantage gained. 
Two boys differing in size, moving each other at the 
end of a pole laid across the fence, exemplify the same 
principle. 

49. In the foregoing cases the weight and the pow- 
er are on opposite sides of the fulcrum, and it is called 
a lever of the first kind. When the power and 
weight are on the same side of the fulcrum, but the 
weight nearer to it than the power, it is a lever of the 
— - ' — -I -■- •- 1 II . I .... < . ... 

between the smaller and the larger side. Show that the momeilla 
of the counterpoise and weight are equal. Examples in a crow- 
bar^— a pair of shears — ^boys on a rail. 
49. Dutinguish between levers of the first, second, and third kindf. 



MBCHANICS. SI 



k I 



HomA kind, as in the ftJ- . Fif.ai. 

lowing figure. The me- 
chanical adrantage gained 
here is the same as in the 
first, for the power moves 
as much faster than the 
weight as it is more dis- ^ 

tant from the fulcrum. — ^ 

When the power and weight are both on the same 
side of the fulcrum, but the power nearer to it than 
the weight, it constitutes a lever of the (Atrd kind, as 
in figure 22. A door mo- 
ving on its hinges is a I^ig. 22. 

weight, the matter of ,, ^3^ 

which, for our prejiftnt ▼ \^ 

purpose, may be consider. ^ j 

ed as all collected in the ^ 

center of gravity, which, Ir 

on account of the regular figure of the ddor, is the cen- 
ter of the door ; and the effects of any force applied to 
a body are the same as though all the matter was con- 
centrated in the center of gravity, and the force was ap- 
plied to that point. Now if, in shutting the door, I place 
my hand on the edge, this point being farther from the 
fblcrum than the center of gravity, 1 gain a mechan- 
ical advantage, because the power moves fiister than 
the weight ; but if I apply my hand nearer the ful- 
crum than the center of gravity, then the power moves 
slower than the weight, and operates under a mechan- 
ical disadvantage; and as I approach nearer and 
nearer to the hinges, the door is shut with greater and 
greater difficulty. In the former case, the door ezem- 
plifies the principle of a lever of the second kind ; in 
the latter, of the third. Suppose a ladder to lie on the 
ground, and it is required to raise it on one end by 

How may a door, in shattLng, be either of the second orthird kind 1 
Bxample in a ladder. 
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taking hold of ODe of the rounds. If I take hold of 
the lowest round, it will require a great effort to raise 
it, especially if the ladder is long. This efibrt will 
be Iras and less, until 1 come lo the middle round, 
where I should neither gain nor lose any mechanical 
advantage, hut should lifl the ladder like any cither 
body of the same weight, if raised directly from the 
ground by a string. Ifl apply my hand to any round 
beyond the middle, toward the farther end, I gain a 
mechanical advantage, and the greater as I approach 
nearer to the end of the ladder. We shall leave it to 
the ingenuity of the pupil to account for these several 
oases. 

Fig. 33. 



60. Thb Whebl AMD AxLB. — The figure repre- 
aenis a wheel, A N O, and asis, L M, where a small 
power w, balances a greater weight, W. The power 
required to balance the weight is as much less than 
the weight as the diameter of the axle is less than that 
of the wheel. The wheel and oxle has a great analo. ■ 
gy to the lever, and is indeed little more than a re- 
volving lever. For if the power were applied to the 

BO. Explain Figure 23. Hav much kas is tbe power (ban the 
^isht 1 Show ihe uialoer between ihe wheel uul Ue leTcr. 
Sipbin Figure 24. 



end of one of the spokes of the wheel, thst spi^e, m il 
revolved, would deaoribe the figure of a wheel. Tbxm, 



the capstan of a ship b a large upright axle, haviiw 
holes near the top into which long levers are inserted. 
The men press upon the ends of these and gain a me- 
chanical advantage in proponioa as the length of the 
lever exceeds the radius of the axle. By this means 
they draw up heavy anchors. 

51. Wheels are much employed in machinery, and 
serve very various purposes, although they do not al- 
ways act upon the principle of the wheel and axle, as 
just explained. In carriage*, their chief use is to 
overcome friction, since a body that rolls on the 
ground meets with much less resistance than one that 
slides ; and in lilting a wheel over an obstacle, as a 
stone, a mechanical advantage is gained in the same 
proportion as the radius of the wheel exceeds that of 
the axle. Large wheels, therefore, overcome obstacles 
better than small ones. Wheels are much employed 
also to regulaie veloctiy. Just step into a mechanic's 
shop and see this use exemplified in the turner's lathe. 
By passing a band over a large wheel that turns with a 
steady motion, one may convey that motion to the smali 

n. What il (he we of wheels in cani»ga 1 Wlwt Bdnmus il 
Euned by romnB inateRd of aUding T Also, in overcominB olMtaoIe. t 
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wheel of ft lathe, Rnd the smaller wheel will revolTO 
M much Juter than the lar^r aa its diameter is lees. 
Now by using small wheels of different diameters on 
the lathe, we may increase or diminish the velocity at 
pleasure- The same principle is illustrated in a com- 
mon spuiniiig wheel, and in machinery for spinning 
cotton. 

62. In chek-KOrk, there b usually a combination of 

a number of wheels, where one wheel is connected 

to the axis of another hy a small wheel fastened to the 

axis, called a pinum. Thus, the three wheels, A, B, 

Rj. 35. 



C, are connected. The power is applied to the whee 

A, on whose axis is the pinion a, the teeth of whici 
(or feacet, aa they are called) catch into the teeth of 

B, whose pinion S in like manner turns the wheel C. 
Here the motion of each succeeding wheel is less 
than the preceding ; (or if the pinion a have ten leaves, 
and the wheel B 100 teeth, the pinion in turning once 
would catch but ten teeth of the wheel, and must there- 
fore turn ten times to turn B <Hice. If the pinion b has 

ting vdoeitr. HowexenidiSed inmtnraer'ilKtbcl In » common 
Wnning wbmJI 
n. fUfdaia Ifae DM of wbeeb in dook-imrk. Eipku Fig, 2S. 



ftlso 10 leaves, and the wheel C 100 teeth, then C 
tume ten times as alow as B and a hundred timea aa 
slow as A. By altering the proportions between the 
number of teeth ia the wheel and leaves in the pinioo, 
we may alter the velocity of a wheel at plesoara ; 
and this is the way in which wheels are made to raova 
faster or slower, at any required rate, in docks and 
watches. If we apply the power at the other end and 
let the wheel C act on the pinion (, and the wheal B 
on the jHnioa a, then B will turn ten times as &st aa 
C, and A t^i times as fast as B, and a hundred times 
as fast as C ; so that, when the wheels oany the piiw 
ioBs, the velocity is increased, but whea the ;|riiiioni 
carry the wheels, it is diminished. 

53. The Pullex. — A pulley is a grooved wheel, 
around which a rope la passed, and is either fixed or 
movable. Figure 26 represents a jixed pulley ; and 
Fig. 36. Rg. S7. 
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Show bowllw motioflitsMrleratediDonedinctionuidreludediB 

Qie olher. How may we alUT ^i^e ytlaciw of tt wbed mt pleaMiral 

n. Define the Fuller. Name ihe Ueo kaidt. "Wlwt u iba va of 
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rig. 28. 



here no mechanical advantage is gained, since the 
power moves just as fast as the weight, and we must 
remember that it is only when the power moves faster 
than the weight, that any mechanical advantage is 
eained. The boy, however, in figure 27, draws 
himself up by lifting only half his weight, because the 
two ropes support equal portions of the weight. The 
principal use of the fixed pulley is to change the di- 
rection of the weight. Thus, in drawing a bucket out 
of a well, it is more convenient to pull downward by a 
rope passing over a pulley above the head, than upward 
by drawing directly at the bucket. By the movable 
pulley we gain a mechanical advantage, for by this we 

can give the weight a slower 
motion than the power has, and 
can proportionally increase the 
efficacy of the power. Thus, 
in figure 28, as both the ropes, 
A and E, are shortened as the 
weight ascends, the rope to 
which P is attached is length- 
ened by both, and therefore P 
descends twice as fast as W 
rises, and the efficacy of the 
power is doubled. By employ- 
ing a pulley with a number of 
grooves (called a block) with 
a rope around each, we may 
make the power run off a great 
length of rope while the weight 
rises but little, beinff equal to 
'tNr4)tMiilMned length by which all the ropes of the block 
ar<H«iciileQed. Thus, if the block carries twelve ropes, 
^ i'l u w uf is increased in efiicacy 12 times. Instead 
(A ^^m^^ block with a number of grooves, several 





1 Of the wuwabk paUey 1 Explain the power ot 
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pulleys with single grooves are combined upon a simi* 
tar principle. By a block of pulleys, two men will 
lift a rock out of a quarry a thousand times as heavy 
as they could lift with their naked hands ; but the rope 
at which they pull will run oflTa thousand times as fast 
as the weight rises. 



rig. 29 




54. The Inclined Plane. — The Inclined Plane be- 
comes a mechanical power in consequence of its sup- 
porting a part of the weight, and of course leaving only 
a part to be supported by the power. If a plank, K>r ex- 
ample, having on it a cannon ball, is laid flat on the 
ground, it supports the whole weight of the ball. If 
one end is gradually raised, more and more force must 
be applied to keep the ball from rolling down the 
plane : and when the plank becomes perpendicular, a 
force would be required to sustain the ball equal to its 
whole weight. We may therefore diminish the ef* 
feet of gravity, in ascending from one level to another, 
as much as we please, by making the inclination of the 
plane small. A builder who was erecting a large ed- 
ifice, had occasion at last tojraise heavy masses of stone 
to the height of sixty feet. He might have hauled 
them up by pulleys ; but this was inconvenient, and be 



^4 



64. How does the Inclined Plane become a mectemttrf pouter t Ex- 
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sides, pulleys are subject to so much frictkMi as to oc- 
casion a great loss of power. He therefore ooo- 
structed of timbers and planks, an inclined plane six 
hundred feet long, and conveyed the blocks of stone 
up them on rollers. As the plane was ten times as 
long as it was high, it was as easy to roll 1000 pounds 
up the plane as it would have been to draw up 100 
pounds by a fixed pulley. But as the plane was ten 
times as long as it was high, the weight would have to 
pass over ten times the space that it would if it had 
been raised perpendicularly by the pulley. In all 
cases, the mechanical advantage gained by the inclined 
plane is in the same proportion as its length exceeds 
its height. When a horse draws a loaded cart on lev- 
el ground, he has merely the friction to overcome ; but 
when he drags it up hill, he has, besides the friction, to 
lift a certain part of the load, which part will be great- 
er in proportion as the hill is steeper. If the rise is 
one part in ten, then he would lifl one tenth of the load 
contmually. 

65. The Screw. — ^The screw is represented in the 

following diagram as acting 
upon a press, which is a very 
common use that is made of it. 
As the screw is turned, it ad- 
vances lengthwise through a 
space just equal to the dis- 
tance between the threads. 
Now if the power be applied 
directly to the head or the 
screw, then, in tumii^ the 
screw once round, the power 
would move over as much 
more space than the screw advances, as the circum- 



Fig. 30. 




ample. How employed in building 1 What makes it ao hard to 
draw akrnd npfaiUI 
66. Explain Fig. 90. How is the mechanical advantage gained* 
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ference of the head is greater than the distance be- 
tween the threads. The mechanical advantage gained 
is in the same proportion ; and we may increase the 
efficacy of the power either by lessening the distance 
between the threads, or by increasing the space over 
which the power moves. If we attach a lever to the 
head of the screw, and apply the hand at the end, 
then we make the power move over a space vastly 
greater than that through which the screw advances, 
and the force becomes very powerful, and will urge 
down the press upon the books, or any thing in press, 
with great energy. 

56. The Wedge. — The Wedge is an instrument 
used for separating bodies, or the parts of bodies, 
from each other, as is seen in the common wedge 
used for splitting rocks or logs of wood. In the kind 
of wedge in ordinary use, the mechanical advantage 
gained is greater in proportion as the wedge is thinner. 
Accordingly, it requires but a small force to drive a thin 
wedge, but a greater force in proportion as the thick- 
ness increases. Cutlery instruments, as knifes, axes, 
and the like, act <m the principle of the wedge. When 
long and proportionally thin, the wedge becomes a 
mechanical power of great force, sufficient to raise 
ships from their beds. 

57. Machines. — Machines are compounded of the 
mechanical powers variously united. We recognise, 
at one time, the union of the lever with the screw ; at 
another, of the wheel and axle with the pulley ; and, 
at another, of nearly all the mechanical powers to- 
gether. The following figure represents a machine 
for hauling a vessel on the stocks, combining the 
wheel and axle, the screw, the inclined plane, and the 
pulley . Bach contributes to increase the e fficacy of the 

when the power is apolied to the head of ihe screw 1 Also when 
appHed at the end of tne lever ? , . , , 

56. What is the Wedge vud for 1 How is the mechanical adraa- 
tage of the wedge wereaued ? 
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force, and all together make a powerful machine. A 
man applies his hand at B, and turns a crank which 

Fig. 31 





acts on the principle of the lever upon the screw at D* 
If the space over which the hand moves in one revo- 
lution is a hundred times as great as the distance be- 
tween the threads of the screw, then the mechanical 
advantage gained is in the same proportion, and the 
force with which the screw urges the teeth of the 
wheel, is a hundred times that applied by the hand to 
the crank. The diameter of the wheel is four times 
that of the axle ; therefore, the force applied at £ ih 
four hundred times that at 6. This acts on a com- 
bination of pulleys, which, having four ropes, multi- 
ply it again four times, and it becomes sixteen hun- 
dred. The inclined plane is twice as long as it is 
high, and therefore doubles the efficacy of the power, 
and it becomes three thousand and two hundred times 
what it was originally. So that the single force which 
a man can exert by means of such a machine is pro- 
digious; and if the machine was so contrived (as it 
might easily be) that a pair of horses or a yoke of 

07. How are Maekaus composed 1 Explain Fis. 81. How would 
the vdoeUy of the weight compare with that of the power 1 
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cattle^ instead of the man, oould turn the niaohinet the 
force would be adequate to move the largest ship. 
Such a machine, however, would move the body with 
eztseme slowness. Its motion, in fact, would be diinin. 
ished as much as the efficacy of the power was in- 
creased. This, as we have said before, is a universal 
principle in mechanics ; so that we may find the power 
exerted by any machine, by seeing how much faster 
the moving force goes than the weight. 

58. Machines, therefore, gain no momentum: the 
power multiplied into its velocity always equals the 
weight multiplied into iU velocity. But although 
machines do not of themselves generate any force, they 
enable us to apply it to much greater advantage— to 
change its direction at pleasure— to regulate its ve- 
locity — and to bring in to the aid of the feeble powers 
of man the energies of the horse and the ox, of water, 
wind, and steam. 

59. Friction. — ^The principles of machinery are first 
investigated, on the supposition that machines move 
without resistance from external causes. Then the 
separate influence of such accidental causes of irreg- 
ularity, in any given case, is ascertained and ap- 
plied. The two most general impediments to ma- 
chines are friction and resistance of the air, which 
occasion more or less destruction of force in all ma- 
chines. Friction arises from the resistance which 
di^rent surfaces meet with in moving on each other. 
Perfocdy smooth surfaces adhere together by a cer- 
tain force, opposing a corresponding resistance to the 
motion of the surfaces on one another ; but the as- 
perities which exist on most surfaces occasion a 
much greater resistance. An extreme case is when 



68. Bo Machines crain any momentum 1 AVliat two products are 
always equal to eacn other 1 How do machines aid us 1 

69. On what wppotUion are the principles of machinery first inves- 
tigated 1 What are the two most general in^pedimenU to machmes I 

6 
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Fig. 33. 




one brash is slid across another, and the hairs Inter- 
lace. By careful experiments on friction, the follow- 
ing are found to be its principal laws. First, the 

friction of a body, other things 
being equal, is proportioned to 
its toeighi. If a brick is laid 
on a table, with a string attach- 
ed to it ccMinected with a scale 
below, by placing weights in 
the scale we may ascertain 
just how much force it takes 
to drag it off from the table 
under difierent circumstances, and this will be the 
measure of the fricticm. We should suppose that the 
friction would be greater on its broad than on its 
narrow side ; but experiments show that it is equal in 
the two cases, so that extent of surface makes no dif- 
ference when the weight remains the same. We 
may let the same brick rest on either side^ and load 
it with different weights, equal to its own weight, 
double, triple, and so on. In all cases, we shall find 
the friction increased in the same proportion as the 
weight. Secondly, friction is increased by bodies 
remaining some time in contact with each other ; and 
when the contact is but momentary, as when a body 
is in very swift motion, the amount of friction is 
greatly diminished. Thus, when a carriage is in 
swifl motion over a road, it encounters less resistance 
from friction in passing a given distance, than when 
it moves slowly. The same is strikingly the case in 
railway cars. 

60. Rolling are subject to far less friction than 
sUdtng bodies. Thus, if a coach wheel be locked, 
that is, made to slide down hill instead of rolling, its 

Wliat eauBtt friction 1 State an extrenie case. To what is the fric- 
tion of a body proportioned f How ia the amoant of friction affected 
by con tinnea contact ? 
60. Difference between rolling and sliding hodiea 1 Use oftubneor- 
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friotion may be so much increased as to check the 
rapidity of descent in any required degree. Rollers 
are therefore employed in transporting heavy bodies, 
to diminish friction ; and, for the same purpose, sur- 
faces are made snrKX>th by applying grease, or dififerent 
pastes, or even water, all of which fill up the inequali* 
ties and thus diminish the asperities of the surface. 
Although friction presents a resistance to machines, 
yet it has its uses in mechanical operations. It is 
this which makes the screw and the wedge keep their 
places ; and it is the friction of the surfaces of brick 
and stone against each other, which gives stability to 
buildings constructed of them. The wheels of a car- 
riage advance by their friction against the ground. 
On perfectly smooth ice they would turn without ad- 
vancing. We could not walk did not friction furnish 
us with a foothold ; and it is for want of friction that 
walking is so difficult on smooth ice. So rail cars 
meet with great difficulty in proceeding when the rails 
have been recently rendered slippery by ice : the 
wheels turn without advancing. Friction is even em- 
ployed as a mechanical force, as when a lathe is 
turned by the friction of a band. Air meets with 
greater resistance in passing over rough surfaces than 
water does ; for water deposites a film of its own 
fluid upon the surface over which it moves, and thus 
lubricates it. Hence water flows in pipes with less 
resistance than air passes over the surfaces of a rough 
and sooty chimney. 

61. The resistance which bodies meet with in 
passing through air or water, increases rapidly as the 
velocity is increased, being proportioned to the square 
of the velocity. Thus, if a steamboat doubles its 

----- - - - r^ 

finf sabetances 1 Give examples of the uaea of friction in the screw 
and the wedge — in the materials of a building — in carnage wheels 
— ^in lathes. Which meets with the greater resistance from friction, 
water or air ? 
61. How is friction proportioned to velocity 7 Example. 
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speed, it encounters not merely twice as much resist, 
ance from the water, but four times as much. This 
makes it much more expensive to move boats rapidly 
than slowly, for it would require nine times the force 
to triple the speed. 



CHAPTER III- 

HYDROSTATICS. 

rRSaRTXB OF FLUIDS — 8FECIFIC GRAVITY — ^MOTION OF FLUUM— 
WONDERFUL PROPERTIES COMBINED IN WATER. 

62. Htdeostatics is that branch of Natural PhU 
losophy, which treats of the pressure and moHon qf fluids 
in the form qf water. 

Sec. 1. ()f the Fkessvre qf Fluids. 

63. Water, on account of the mobility of its parts, 
may be easily displaced, but it is with great difficulty 
compressed. If we take a hollow ball of even so 
compact a metal as gold, fill it full of water, plug it 
close, and put it into a vise and compress it, the water 
will sooner force its way through the gold than yield 
to the pressure. This is an old experiment, and it led 
to the belief that water is wholly incompressible ; but 
it is now found that its volume may be reduced to 
smaller dimensions by subjecting it to very great pres- 
sures. Thus, 30,000 pounds pressure to the inch will 
lessen its bulk one twelfth. 

64. A fluid when at rest, presses equally in all direc- 
tions. A point in a tumbler of water, for example, 
taken at any depth, exerts and sustains the same 
pressure in all directions,' upward, downward, and 
side wise. So that if I attach a string to a musket 

62. Define Hydrostatics. 63. Is water compreatibU 7 Experiment. 
What force is required to lessen its balk orie twelfth ? 
64. What is the law of pressure in all directions 1 Example. 
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be\\ and let it down into water, the weight of the water 
which rests on its upper side is balanced by an equal 
pressure <m its under side. This is the most remark, 
able property of fluids, and is what distinguishes them 
from solids, which press only downward, or in the di- 
rection of gravity. 

65. A gwen pressure, or Now, impreMsed on am^ 
portion of a mass of waler coi^med m a vessel, is dis^ 
inbuied equally timnsgh all parts of the mass. If I 
thrust a cork into a bottle filled with water, so near 
the top that the cork meets it, the pressure is felt, not 
merely in the direction of the cork, or just under it, 
but on all parts of the botde alike ; and the bottle is 
as likely to break in one part as another, if equally 
strong Uiroughout, and^tf not equally strong, it will 
give way at its weakest point, wherever that is situ- 
ated. If we insert into a large vessel of water a 
blown bladder, and then press upon 

the upper surface of the water with FllT* 3^- 

a lid that fits it close, as in figure 33, 

the bladder will indicate an equal 

pressure on all sides. A is the lid 

that fits the jar, water-tight, and is 

applied to the top of the fluid ; B is 

a small blown bladder, kept in its 

place by a leaden weight resting on 

the bottom of the vessel. If a thin 

glass ball is substituted for the blad- 

der, on pressing down the lid, it will 

be broken into minute fragments, showing an equal 

pressure on all sides. The same effects would follow 

were the pressure applied at the side, or any other 

part of the vessel, instead of the top. 

66. This principle operates with astonishing power 
in the hydrostaUe press. Figure 34 represents a press 

66. How is a precBure on any part of a confined omm of water 
duiriJbuied? Example. Explain Figure 83. 

6* 
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tamia of a itraiig frams of timberB, having a large 
cylinder, C D, full of water, 
1^3^ and opening into a small 

' oyliader, A B, in which a 
] plug (called a pMtM) la 
moved up and down by the 
lever attached to it. At 
D ia another piston, which 
when forced upward press- 
es upon a fwoteer at E, 
which oommunicales the 
force to a pile of bodis sup- 
' posed in the process of Innd- 
ing. Now if I apply my hand to the lever and 
Ibrce down the piston in AA upon the surface of 
tlie water, with whatever force it presses upon the 
surface of the fluid in the small cylinder, the same 
is exerted on all parts of the water in the large cylin- 
der, and consequently upon tlie piston D to push it 
upward against E. Suppose the number of square 
inches in the bottom of the piston E, is a thousand 
times as great as in that of the fdston at B ; then 1^ 
ui^ng B forward with a force equal to one hundred 
pounds, I should communioate to E a pressure lA tne 
hundred thousand pounds. The water in the small 
cylinder would desorad a thousand times as much as 
that in the large cylinder rose, so that the space 
through which the aocumulated force could act would 
be very small ; still it would be sufficient for such 
aitioles as books, where the whole oompresaion is but 
small. Since there is no loss fVom triotion in this 
machine, a man can by means of it exert a greater 
power than by any other to which he can apply his 
own rtrength. He can by means of it crush rocks, 

M Dewiibc (he Bgbatt^ie Prtm. Snppoae the nnmber oT 
■qnra iBoba in the luser piiton ii a thoaaud time* u gresl ss 



and eat in two the largest ban of iitm. The hydro- 
statio press is much used as an oil press, aa in ex- 
tracting oil fmm flaxseed ; and also finr pacidng haj, 
cotton, and other light substances. 

67. The surface of a fimd ol reH u herimtikih 
This property is applied to the construction of the 
rhVTD LETXL, uscd by carpenters, masons, and otfae 

Fig. 35. 




woi^men. It usually consists of a flat rule, haTine a 
horizontal glass tube on the upper side, containuig 
alcohol, (which is preferred to water because it never 
freezes.) The tube is not quite full of the fluid, so 
that when laid on its side a bubble of air floats on the 
upper surface. When this is exactly at a given mark 
near the middle, then the surface on which the rule 
is laid is level. Figure ^^ 3^^ 
36 represents a levelling 
staflT much used in sur- ^ 
veying and grading 
lands. The liquid in the 
two arms of the tube at 
A and B being precisely 
on a level, any two re- 
mote objects, P and Q, 
may be brought accu- 
rately to the same level 
by sighting P with the 
eye at A ; that is, bring- 
ing it into the same hori- 
zontal line with the sur- 
faces of A and B, and 
then sighting Q in the same ma nner. 

9f. How ii the mufmee of a fluid whea at refltl DeMiiba tbm 
JUtidrUvdtaidiheUvtUme " 
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68. The prefsure upm any portion cf a eobmm tf 
find, if proportioned to Us depth below the surface. If 
we let down a junk bottle into the sea, the pressure 
on all sides of it would continually increase as it de- 
scended, until it would be sufficient to crush it. Its 
great strength, however, would enable it to bear a pro- 
digious pressure. When an empty bottle, corked 
closely, is let down to a great depth, on drawing it 
up, it is found full of salt water, and yet the cork un- 
disturbed. At a certain depth, the pressure on the 
cork is such as to contract its dimensions, and yet, 
being equally pressed on all sides, it is not displaced. 
Its size being contracted, the water runs in at the 
sides ; but on rising to the surface, the cork swells 
again to its former bulk. When the stopper does not 
admit of compression, the water sometimes is forced 
through its pores, and thus fills the bottle. Ships sunk 
Tig, 37. At a great depth, have their wood ren- 
dered so heavy by the great quantity of 
water forced into it, that when they go 
to pieces their parts do not rise. The 
pressure of water on a square foot, at the 
depth of eight feet, is 500 pounds ; and 
having the same amount added for every 
eight feet of descent, it soon becomes 
prodigious. At the depth of a mile, it 
is no less than 330,000 pounds upon the 
square foot. 

69. Fluids rise to the same level in ike 
opposite arms of a herd tube. Let Fig. 37 
be a bent tube : if water be poured into 
either arm of the tube, it will rise to the 
same height in the other arm. Nor is it 
material what may be the shape, size, or 

68. How is the preaeore of a colamn of fluid at different dqiHU ? 
Example in a junk-bvttU. What happens to a corked bottle sunk 
toaereatdepUil What is the pressure on a square fiwCatthe 
depth of eiM fS^t—and a miU t 
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incUaation of the opponte arms. Figure 86 rb|n<iBcui> 
a Tarie^ of vessela and tubes <^>en at top, imt ooia- 



municating with a common cistern of water below. 
If we pour water into any one of these, so as to fill it 
to any height, the water will be at the same height 
in each of the others. Hence, water conveyed in 
aqueducts, or running in natural confined channels, will 
rise just as high as its source, and no higher. Be- 
tween the place of exit and the spring, the ground may 
rise into hills and descend into valleys, and the pipes 
which convey the water may follow all the irregulari- 
ties of the country, and still the water will run freely, 
provided no pipe is laid higher than the level of the 
spring. 

70. Tke prUMWe of a column of waUr t^on the hot- 
lorn of a vettel, depvoA* mholly upon the heigtU of the 
column, milAoitt regard to Ua thape or fixe. In Fig. 
88 the pressure on the bottom of the cistern will he 
the same, whether one tube is attaohed, or the whole 
number, or the vessel itself is raised to the same 
height all the way of the same size as at the bottom, 

69. FiBidB in tbe opjiOHte uma of a boil <«£■ t What doe* Tig. 
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or enn if swelled out like a fuDoel, n as to be much 
l>^r kbore then below. On this principle is fbnnded 
the hydrostatic paradox — that ony qamitiip of maUr 
haweeer tmall may be made to raite any 
Fig. 39. teeight hmecver great. Pig. 39 repre* 
^ sents a bellows having oa one side 
an open tube communicating with it. 
On pouring water into the tu)>e (the 
bellows being full) it will force up the 
top of the bellows, although loaded with 
heavy weights. A wine-glass of water, 
for example, will raise the boys that 
stand on the bellows, and would sensi- 
bly lift a weight many hundred times 
'' as great. The principle is the same 
as in the hydrostatic press. Here the 
weight of die column of water afibrds 
the power that acts on the larger end of the bellows, 
as in the press the force of the piston in the small 
cylinder acts on that in the larger. 

Sec. a. Of Specific Gnmti/. 

71. Specific Gratitt is ike weight of a body com- 
fared vntK another of the same bulk, taken as a sfand- 
ard. Water is the standard for solids and liquids ; 
common air for gases. The specific gravity of r 
mineral, for example, or of alcohol, is its weight com> 
pared with that of a mass of water of exactly the 
same volume ; the specific gravity of steam is its 
weight compared with that of the same volume of at- 
mospheric air. We must know, then, what an equal 
Tolnme of the standard would weigh. This is ascer- 



oT a Ttnel depend 1 Stata tb« principle raned the At 
dax. Enlaia V\g. SB. 

n. Define wcglcsnwiftt. Whrtia the Mmdwd for liWi what \ 
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tawed in the oaee of a solid, bj finding how ttnioh 
less tbe body wei^ in water than in air ; and, in the 
case of a liquid or a gas, by weighins^ equal Yolnmea 
of the body and of air« Wishing to know how muoh 
heavier a certain ore, which I suspected to he (Hretf 
was than water, I tried to compare its weight with 
that of an equal buUc of water ; but the ore being of 
fery irr^ular shape, I Ibund great difficulty in meas- 
uring it accurately to find the number of solid inches 
in it, so diat I could weigh it against the same num- 
ber of inches of water. But Teaming that a body 
when weighed in water weighs as much less than 
when weighed in air, as is just equal to the weight 
of the same yolume of water, I attached a string to 
the ore, hung it to one arm of the balance, and found 
its weight to be 4.75 ounces; 
and then bringing a tumbler of 
water under the suspended ore 
80 as to immerse it, 1 ibund it 
did not in this situation weigh 
as much as before, but 1 had to 
take out 1.35 ounces to restore 
the balance. This, then, was 
whi^ the ore lost in water, and 
was the weight of an equal 
Tolume of water. Now I have 
found that the ore weighs four 
ounces and three quarters, while 
the same bulk of water weighs 
oely one ounce and a quar- 
ter. I see, therefore, at once, that the ore is abott 
four times as heavy as water ; but to find the exa^ 
specific gravity, I see how many times the weight of 
the Qtt is greater than that of an equal volume of 
water, by fividing 4.15 by 1.35, which gives 8.8 M 

■necific jBravity of a body % Describe the way of finding Uia tpeoi- 
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the exact specific gravity of the ore. I ooncludey 
therefbrcy that it cannot contain much silver, if any ; 
otherwise it would he heavier. Again, desiring to 
find the specific gravity of some alcohol, (which is 
better in proportion as it is lighter,) I took a small 
vial, counterpoised it in a pair of delicate scales, 
and poured in water gradually till I had introduced 
exactly 1000 grains. I then set the vial on the 
table, and placing my eye accurately on a level with 
the surface of the water, I made a fine mark with a 
small file just round the water line. On emptying out 
the water and filling the vial to the same mark with 
the alcohol, I found the weight of it to be 815 grains. 
I therefore inferred that its specific gravity was 815, 
water being 1000. Having now my vial ready, I 
filled it to the mark successively with half a dozen 
different liquors, some lighter and some heavier than 
water, and thus found the exact specific gravity of each. 
Finally, I had the curiosity to see which is the heav- 
iest, common air, or that sort of air which sparkles so 
briskly in soda-water, and in bottled beer, called car- 
bonic acid. I therefore weighed a light glass bottle, 
which, as we commonly say, was empty, but was really 
filled with common air, and then withdrawing the air 
from the bottle by means of a kind of S3rringe which 
sucked it all out, I then turned the stop-cock attached 
to the mouth, shut the bottle close, and weighing it 
again, found it had fest 40 grains, which was the weight 
of the air. At last I filled the bottle with carbonic acid 
instead of air, and weighing again, found the vessel now 
weighed 60 grains more than before. This wfis the 
weight of the carbonic acid ; and now having found 
that ivhen we take equal bulks of common air and 
carbonic acid, the latter weighs 60 grains, while the 
former weighs only 40, 1 infer that the carbonic acid 
is one half heavier than common air ; that is, its spe- 
cific gravity is 1.5. By a similar process, I found 
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thut hydrogen gas, one of the elements of water^ is 
more than thirteen times as light as air, being the 
lightest of all known bodies. 

72. A body fioats in water at any depQi^ when its 
specific gravity is just equal to that of water. The 
human system is a little heavier than water, and there* 
fore tends to sink in it ; but if we strike the water 
downward, its reaction will keep us up, acting as it 
does in a direction opposite to that of gravity. A very 
slight blow upon the water is sufficient to balance the 
downward tendency, and therefore twiaming becomes 
an easy matter when skillfully practised. As we lose 
in water as much of our weight as the same bulk of 
water would weigh, and that is nearly the whole, it is 
only the slight excess of our weight which we have 
to sustain in swimming. Indeed, if we could keep 
our lungs constantly inflated, we should require no re* 
action to keep us up, but should float on the surface. 
Dr. Franklin when a boy swam across a river by the 
aid of his kite, which supplied the upward force neces- 
sary to sustain him, instead of the reaction of the wa- 
ter. Fishes are nearly of the same specific gravity 
as the water in which they live. They are supplied 
with a small air-bladder, which they have the power 
of compressing and dilating. When they wish to sink 
they compress this bladder, and their specific gravity 
is then greater than that of the water ; and they easi- 
ly rise again by suffering the bladder to dilate. Birds 
float in the atmosphere on similar principles. Being 
but little heavier, bulk for bulk, than the air, very 
slight blows with their wings create the reaction in 
an upward direction, which is necessary to sustain 
them ; stronger blows cause the reaction to overbalance 



72. When does a body float in water 1 How is the body sap- 

S^rted in mommng f How did Dr. FrankUn swim across a nver 1 
ow do JUku ascend and descend 1 How do bkidt fly 1 
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die -excess of their specific gravity oyer that of the Aii^ 
aad they rise with the difference. 

73. When a hody floats an the surface of VHtter^ It 
displaces as much weight of water as is equal to its 
own weight. Thus, if I place a wooden block weigh* 
ing four ounces in a tumbler of water eren full, just 
four ounces of the water will run over, as we may 
ascertain by collecting and weighing it. Upon tins 
principle ships float on water. In proportion as we 
lade the ship, it sinks deeper and deeper, the weight 
of water displaced always being exactly equal to the 
weight of the ship and cargo. The actual weight of 
the ship and cargo may be easily ascertained on this 
principle ; for if we float the ship into a dock of known 
size, containing a given quantity of water, the weight 
of the ship and cargo may be determined from the rise 
of the water in the dock. A boy wished to find the 

tonnage of his boat. He 
therefore loaded it as heavy 
as it would swim, and then 
transferred it to a small box 
which he had made, and of 
which he knew the exact 
[dimensions. He then poured 
'into the box a pound of wa» 
9 ter at a time, and when it 
I had settled to a good leveli 
he made a mark at the water line, and adding one 
pound of water at a time, he thus had marks at diflfero 
ent heights, from one pound up to twenty. He found 
that four pounds of water were amply sufficient to 
float his boat, and when the boat was laid upon it, 
the water rose on the sides to the nineteenth mark. 
Consequently the boat had raised the water fifteen 

TS. How much water does a floatine body dinlaei 7 Example 
Method of finding the tonnage of a th^ f How did the bog find tht 
tonnage of his boat 1 
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mariM, mud its weight was of course fifteen pounds; 
for it weighed just as much as the water would have 
weighed which it would have taken to raise the leT«l 
from the fburth to the nineteenth mark. 

Sec, 3. CJfikt Motion of Fkdds. 

74. That part of hydrostatics which treats of the 
mechanical properties and agencies of running water, 
is called EfydrauHcs, and machines carried hy water, 
or used fer raising it, Hydraulic tnachines. It em- 
braces what relates to water flowing in open channels, 
as rivers and canals ; or in pipes, as aqueducts ; or 
issuing from reservoirs in jets and fountains ; or falling, 
as in dams and cascades ; or oscillating in waves« 
A river or canal is water rolling down hill, and would 
be subject to the same law as other bodies descending 
inclined planes, were it not for the numerous impedi- 
ments which oppose the full operation of the law. 
Now a body rolling down an inclined plane has ite 
motion constantly accelerated, like a body falling per- 
pendicularly, gaining the same speed in descending 
the plane that it would in falling through the perpen- 
dicular height of the plane. Hence when a body rolls 
down a long plane without obstruction, it soon acquires 
an immense velocity, as b seen in a rock rolling down 
a long hill. In the same manner, a body of water 
descending in a river constantly tends to run faster 
and faster, and would soon acquire a most destructive 
nK^mentum, were it not retarded by numerous coun- 
teracting causes, the chief of which are the friction of 
the banks and bottom, and the resistance occasioned 
by its winding course, every turn opposing an impedi^ 
ment of more or less force. By such a circuitous 
route two benefits are gained — ^the rapidity of the 

»«■■■ III I ■! ■ ■ !!■ ■ ■ II. I ■ I I I 111 I . I P ■ I ■ I . I' M 

74. Define HydrauUe9. What subjecta docs it «ii6iniicef Art rheni 
iaJt^ett to die laws of fttllinR bodieal What benefits arise IWw 
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Stream is checked, and its advantages are more widely 
distributed. A river flows faster in the channel, to- 
wards the middle, than near the banks, because it is 
less retarded by friction; and during a freshet the 
rapidity is greatly increased, because since the waters 
that are piled on the original bed are subject to little 
friction, they exhibit something of the accelerated mo- 
tion of bodies rolling freely down inclined planes. A 
very slight fall is sufficient to give motion to water 
where the impediments are slight. The Croton Aque- 
duct, that waters the city of New York, falls but one 
foot in a mile. Three feet fall per mile makes a 
mountain torrent. Some rivers do not fall more than 
500 feet in 1000 miles, or a foot in two miles, and re- 
quire a number of days, or even weeks, to pass over 
this distance. 

75. The Aqueducts which the ancient Romans 
and Carthaginians built for watering their cities, 
were among the greatest of their works, some of 
which have remained until the present day. Large 
streams were conducted for many miles, sometimes 
not less than a hundred, in open canals, carried through 
mountains and led ovt\: deep valleys, on stupendous 
arches of masonry. Some have supposed that the 
ancients must have been unacquainted with the prin- 
ciple, that water flowing in pipes will rise as high as 
its source, since, had they known this, they might 
have conveyed water in pipes instead of such expen- 
sive structures ; these might have ascended and de- 
scended, following all the inequalities of the face of 
the country, provided they were in no part higher 
than the head or spring. It is found, however, that 
they were acquainted with the principle, but prefer- 



the eircuiUnu routes of rivers 1 What part of a river flows fcuieit 7 
Why do riveis run so swift during a fre$ket ? What fall per mile 
have the Croton Water Works 1 
75. What of the Aqueducts of the Romans and Carthaginiana '* 
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red to construct their aqueducts of open channels rath<» 
er than pipes. Suitable pipes, at that age, would 
have been very costly. They are apt also to become 
cl(^ged ; and although they might have followed the in* 
equalities of hills and valleys, yet when they descend- 
ed and ascended far from the general level, they would 
be obliged to encounter an enormous pressure, since 
in a column of water, the pressure on any part is pro 
portioned to the depth below the surface of the water, 
increasing five hundred pounds to the square foot for 
every eight feet of descent. A pipe, therefore, fifty 
feet deep and full of water, would have to bear a pres* 
sure at the lower part of more than three thousand 
pounds to the square foot, and must b^ made proper* 
tionally strong, and would be apt to leak at tKe joints. 
Even at the present day, it is found more eligible to 
water cities by open aqueducts than by pipes, as is 
done in the new Croton Water Works fi>r watering the 
city of New York. Here an artificial river of the 
purest water is ccmveyed from the county of Westches- 
ter, forty-one miles above the city, to a vast reservoir 
capable of holding 150,000,000 of gallons, where it has 
opportunity to deposit any sediment or impurities it 
may have taken up on its way, and to absorb air, which 
gives it life and briskness. From the reservoir it is 
distributed to all parts of the city in pipes, affording 
an ample supply for domestic uses, for watering and 
washing the streets, and for extinguishing fires. 

76. When a plug is removed from the top of one of 
the pipes of an aqueduct, the water spouts upward in 
a jet ; fi>r, since water thus situated tends to rise as 
high as its source, it will spout to that height when 
nnconfined. At least it would ascend to that height 



Were the ancients acquainted with the principle that water as- 
cends to the level of its sonrce 1 Describe the Croton Water Works. 
76. Why does water apotU from a pipe of an aqacdnct % How 
Jb^JbwiUitspoot? 
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wets it not for the resistance of the air, which pre* 
vents its attaining that full height. It is on this priii* 
ciple ^aifmnUains are constructed. If we cpen a 
vent in the side of a water-pipe, so as to let the jet 
out obliquely, it will form the curve of a parabola ; 
and by letting out the jet through difl^rent orifieds, 
the curves may be varied, and beautiful and pleasing 
figures exhibited, as is shown at the Paik Fowilain 
in the city of New York. 

77. In building tall or deep cisterns, we must xe^ 
member, that the pressure on any part of the cistern 
increases with the depth, and hence that the lower 
parts require to be made stronger and closer than the 
upper, else they will either burst in pieces or leak, 
A philo80|^er wishing to provide a constant supply 
of water near his house, constructed a large cistern 
six feet high, and contrived to convey a small stream 
of water to the top which kept it always full and run* 
ning over by a waste-pipe. In the side of the cistern 
he inserted two large stop-cocks of equal size, the 
first, one foot, and the other four feet from the top^ 
supposing that he might, in a given time, draw oiT either 
one gallon or four gallons ; but he was surprised to find 
that he could obtain from the lower stop-cock only 
twice as much as from the upper. How, thought he, 
is this consistent with the principle that the pressure 
is proportioned to the depth? If it presses against 
the side of the cistern at the lower level four times as 
much as at the upper, why do not four times as many 
gallons run out when the stopper is opened 1 On re- 
flection, however, he perceived that the pressure on 
the mde must be proportioned to the momefUum^ which 
depends on two things-^the quantity of matter and 

the velocity ; and of course that twice the quantity of 
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77. How must we provide for the airength of n pipe lit different 
heights 1 -Relate the atory of the philoaopher drawing water from a 
ciBt*»- «■- — u- * :n the quantity or water discharged from a eiBtoia at 
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water flowing with twice the velooity, would have 
just four times the roomentum. Hence he learned the 
gnaid principle, that in a column of water kept oon- 
fitantly fall, the quantity discharged from any orifioe 
io the side, is proportioned to the square rooi of the 
depth helow the surface of the fluid. So that, to draw 
off twice as much, we must make the opening four 
times as deep, and to draw off three times as much| we 
must make it nine tiroes as deep. 

78. The philosopher tried another experiment with 
his cistern. He turned ofi* the run of water that sup. 
plied the cistern, and then opened the upper stop- 
cock, and found it took just five minutes to draw dB^ 
the water to that depth. He then let in the run that 
supplied the cistern and kept it constantly full. Now 
opening the same orifice again, and drawing off for five 
minutes more, he found that he caught just twice as 
much water as before. From this he inferred, that if 
a vessel discharges a certain quantity of water in emp- 
tying itself to a certain level, it will dischaige twice 
as much in the same time, when the vessel is kent 
constantly full. 

79. Water issues from the bottom or side of a ves- 
sel with the same force that it would acquire by lalU 
ing through the perpendicular height of the column. 
It would Qierefore seem to make no difference whether 
We let water fiill upon a water-wheel from the top of 
a cistern, or whether we raise a gate at the bottom 
of the column, and let the water issue so as to strike 
the wheel there, since it would strike the wheel 
in both cases with the same velocity, except what 

might be lost in the falling column by the resistance 
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different depths proporUoiud 7 How much lower nuist w« go to 
double the quantity 1 

78. What ijUm' experiment did he try 1 How much more is dis- 
charged when the vessel is kept constantly full 1 

79. With what /oree does water issue from the bottoni or side of a 
vessel 1 Does it make any difierence whether water fidls apc~ '^ 
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of the air. A waterfall like that of Niagara, where 
an immense body of water rolls first in rapids down a 
long inclined plane, and then descends perpendicu- 
larly from a great height, afibrds one of the greatest 
exhibitions of mechanical power e^rer seen. The Falls 
of Niagara contain power enough to turn all the mills 
and machinery in the world. They waste a greater 
amount of power every minute, than was expended in 
building the pyramids of Egypt; for, in that short 
space of time, millions of pounds of water go over the 
&lls, and each pound, by the velocity it gains in fall- 
ing first down the rapids, and then perpendicularly, 
acquires resistless energy. Water falling one hundred 
feet would strike on every square foot with a force of 
more than six thousand pounds. 

80. Man imitates the power of the natural water- 
fall when he builds a dam across a stream, raising it 
above its natural level, and then turning aside more 
or less of it into a narrow channel, makes it acquire 
momentum while regaining its original level. When 
it has gained the requisite force, he turns it upon a 
water-wheel usually of great size, from which, by 
means of machinery, the force b distributed wherever 
it is wanted, and so applied as to do all sorts of work. 
When a run of water first strikes a wheel at rest, it 
strikes it with its full force ; but as the wheel moves 
before it, the effect of the force is diminished, and if 
the wheel acquired the same velocity as the stream, 
the force would become nothing. The wheel is re- 
tarded by making it do more and more work, or carry 
a greater weight, until it acquires a uniform motion at 
a certain rate, which ought to be that at which the force 
of the stream produces the greatest efiect. This is 

wheel from the top, or issues upon it from the baULom t VHnat of the 
Falls of Niagara 1 

80. When does man imUaU the waterfall 1 With what force does a 
nm of water/nf strike a wheel 1 How when the wheel is in motion 1 
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in some eases when the wheel moves half as fkil as 
the stream. That a current of water or of wind strikes 
an object with less force when the object is moving the 
same way, is a general principle. Thus, when a steam- 
boat is moving directly before the wind, she would de- 
rive little aid from sails unless the wind were high, 
finr she would <' run away from the breexe ;'* that is, 
the wind would produce no effect any farther than its 
velocity exceeded that of the boat, and if it were just 
equal to that, the effect would be absolutely nothing. 
A man in a ballocm, carried forward by a wind blow- 
ing a hundred miles an hour, would speedily acquire 
the same velocity with the wind, and therefore appear 
to hiniseif to be all the while in a calm. Although 
the earth is constantly revolving round the sun with 
inconceivable rapidity, yet as we have the same ve- 
locity we seem to be at rest. 

Sec. 4. Of the Remarkable Properties combined in 
Water. 

81. Water combines in itself a variety of usefbl 
properties, all designed for the benefit of man. First, 
Natural History leads us to contemplate it in its va- 
rious aspects. It covers about three fourths of the 
globe, and is distributed into oceans, seas, and lakes, 
rivers, springs, and atmospheric vapor. By the agency 
of heat, water is constantly rising in vapor on all parts 
of the ocean. This mingles with the air in an in- 
visible elastic state, being separated in the process of 
evaporation from its salt and every other impurity. 
More or less of it is conveyed over the land by winds, 
and falls upon it in dew, and rain, and snow. A part 
of this filters through the sand, runs down in the 
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In what case does the stream produce its greatest efieetl Exanopte 
in a steamboat. How would a man in a balloon appear to hmi- 
self to be sttoated when moving with the sameveioeUv as the wind 1 
81. What florl of the earth is covered with water T In what dif- 
ferent Jbmwf What benefits flow from rwen 7 Also from the aeeir«- * 
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eteyices of rocks, and collects in pure fountains not far 
below the surface, where it may be easily reached in 
almost every place, by digging wells. In various 
places it flows out by its own pressure, in springs and 
streamlets, which unite in rivulets, and these in 
rivers, which return the water to the sea. But rivers 
as they run are made to impart fertility, and to furnish 
an avenue by which vessels and steamboats may pene- 
trate into the heart of every country, and convey to the 
remotest cities the riches of every clime. As rivers 
furnish an entrance into the interior of countries, so 
the ocean forms the great highway between nations, 
and unites all nations in the bands of commerce. Still 
further, to serve the grand cause of benevolence, the 
ocean is filled with living beings innumerable, which 
are not, like land animals, confined to the surface, but 
occupy the depth of at least six hundred feet, and. thus 
enjoy a far more extensive domain than the part of the 
Animal creation that inherits the land. 

82. Secondly, Cfiemistry regards water with no 
less interest than Natural History. Its very eompasi' 
Hon is admirable, being constituted of two substances, 
oxygen and hydrogen, which, when united with heat, 
are separated in the gaseous form, and each possesses 
the most curious and wonderful properties. Oxygen 
is found as an element in nearly all bodies in na- 
ture ; it is the part of atmospheric air which sus- 
tains all animal life and supports all fires ; and it is 
the most active agent in producing all the changes 
of matter which take place both in nature and art. 
Hydrogen gas is the most combustible of all bodies, 
and is in fact what we see burning in nearly every 
sort of flame. As a solvent, water performs the most 
useful service to man, removing every impurity from 
his clothing or his person, dissolving and prepar- 

82. What is the comfMnlJon of water 1 What oCaxygm and hydro' 
got? What of water as a tolvenl ? Of the diflerent tUUeg of ^^ * • * 
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ing his Ibod, and entering largely into nearly all the 
processes of the arts. By the different gtates which 
water assumes, of ice and snow and vapor, it performs 
important offices in the economy of Naturci as well 
as in its native state of a liquid. These changes of 
state regulate the temperature of the atmosphere, and 
preserve it from dangerous excesses both of heat and 
cold. On the one hand, on the approach of winter in 
cold climates, water changes to ice and gives out a 
vast amount of heat that kept it in the liquid stats ; 
and on the approach of summer, to check the too 
rapid increase of temperature, the same heat which 
was given out when water was changed into ice, is 
now absorbed and withdrawn from the atmosphere, as 
ice is changed back to water. Moreover, during the 
heat of summer, the evaporation of water, a yery 
cooling process, checks the tendency to excess of the 
heat of the sun, and guards us from all danger on that 
hand. Ice, by covering the rivers, keeps them from 
freezing except on the surface ; and snow is a warm 
and downy covering thrown over the earth to pro- 
tect the vegetable kingdom by confining the heat of 
the earth. 

83. Thirdly, it is the province of PhysioU^ to con- 
template the relations of water to the vegetable and 
animal kingdoms. Water is the chief food of plants, 
which it nourishes, either by supplying a part of their 
elements, or by dissolving their nutriment, and thus 
preparing it for circulation ; and hence water is indis- 
pensable to the life and growth of all vegetables. To 
animals and man, it furnishes the best and only neces- 
sary beverage ; it is the medium by which our food is 
prepared ; and it acts medicinally in various ways, 
both internally and externally. 

How does it check the cold of winter and iho heai of Bumnier 
Usefal properties of tee and mow? u-— j*«.« 

8S. What are the relaUons of water to the vegeUOfU Kingdom 1 

What to animaU and man ? 
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64. Finally, the Mechamcal relations of water, such 
•8 those we have been considering in the preceding 
pages, are hardly less remarkable and important than 
the rest. By its mobilityy it maintains its own level 
and keeps itself within its prescribed bounds ; by its 
Mioyancy, it furnishes a habitation for numerous tribes 
of fishes, and lays the foundation of the whole art of 
navigation ; by its pressure in all directions, it gives the 
first indication of containing great mechanical energy, 
which is more fully developed in the immense force 
of running water, which may be regarded as a reposi- 
tory of power kept in readiness for the use of man ; 
and, finally, by its property of being converted into 
jteom, it discloses a new and inexhaustible fountain of 
mechanical force, which man may employ in any 
degree of intensity to perform the humblest and the 
mightiest of his works. 



CHAPTER IV. 
PNEUMATICS. 

reOrERTIES OF ELASTIC FLUIDS — ^AIR-PUMP — COMMON PUMP — BT- 

PHON ^BAROMETER— CONDENSER — ^FIRE ENGINE STEAM AND ITi 

PROPERTIES — STEAM ENGINE. 

85. Pneumatics is that branch of Natural Phzlaso^ 
phy which treats of the pressure and motion of elastic 
fluids. Elastic fluids are those which are capable of 
contracting or dilating their volume under difierent 
degrees of pressure. They are of two kinds, gases 
and vapors. Gases constantly retain the elastic in- 
visible state ; vapors remain in this state only when 
heated to a certain degree, but return to the liquid 



84. Advantages of its molrilUy-~-of its pretnirc— of its capacity of 
Deisg convertea into $team. ' 

85. Define Pnenmatics. What arc elastic fluids 1 State the two 
kuds and diBtuigoiah between them. What two elastic fluids are 
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State when cooled. Common air is a gas, steam a 
▼apor. Although there are many different gases and 
yapors known to Chemistry, yet air and steam are the 
elastic fluids chiefly regarded in Natural Philosopiiy» 
Air wad steam are both commonly invisible ; but air, 
when we look through an extensive body of it, ap» 
pears of a delicate blue or azure color, which habit 
leads us to refer to distant objects seen through it. It 
is not the distant mountain that is blue, but the air 
through which we see it. Air also sometimes becomes 
visible when ascending and descending currents mix, 
as oyer a pan of coals, or a hot chimney, when we 
see a wavy appearance, which is air itself. Vapors 
also exhibit naturally some variety of colors, as yellow 
and purple ; but the vapor of water or steam is usually 
invisible. We must carefully distinguish between 
elastic vapor and the mist which issues from a tea- 
Kettle. This is vapor condensed^ or restored to the state 
of water, and it is only at the mouth of the tea-kettle, 
where it is hot, that it is in the state of steam, and there 
it is invisible. 

86. The general principles of mechanics apply to 
liquids and gases, as well as to solids, all bodies being 
subject alike to the laws of motion ; but the properly 
of mohUUy of parts, which characterizes liquids, and 
of elasticity which characterizes gases and vapors, 
gives them severally additional properties, which lay 
the foundaticm of hydrostatics and pneumatics. Al- 
though we do not usually see gases and vapors, yet 
we find in them properties of matter enough to prove 
their materiality. In common with solids, they have 
impenetrability, inertia, and weight ; in common with 
liquids, they are subject to the law of equal pressure 
in all directions, and when confined they transmit the 

chiefly regarded in Natona Philosophy 1 When is air visible 1 Are 
vapors ever visible 1 
ft. Do the general principles of Mechanics apply to kqaids and 

8 
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ejects of a pressure or blow upon any one part of the 
vessel, to all parts alike ; but in their elasticity, they 
differ from both solids and liquids. Since air and steam 
are the elastic fluids with which Natural Philosophy 
is chiefly concerned, we shall consider each of these 
separately. 

Sec. 1. Cf Atmospheric Air. 

87. We may readily verify upon atmospheric air, 
the various properties of an elastic fluid. Its impene- 
trability, or the property of excluding all other matter 
from the space it occupies, will be manifested if we 
invert a tall tumbler in water. It will permit the 
water to occupy more and more of the space as we 
depress it farther, biit will never cease to exclude the 
water from a certain portion of the tumbler which it 

occupies. We may render this ex- 
periment more striking, by employ, 
ing a glass cylinder and piston, as is 
represented in Fig. 42. Let A B C D 
J) represent a hollow cylinder, made 
perfectly smooth and regular on the 
inside, and P a short solid cylinder, 
called a piston, moving up and down 
in it air-tight, and R the piston-rod. 
Now when we insert the piston near 
the top of the cylinder, the space 
below it is filled with air. On de- 
pressing the piston, the air, on ac- 
count of its elasticity, gives way, and we at first feel 
but little resistance ; but as we thrust it down nearer 
to the bottom, the resistance increases, and finally be- 

saseB 1 What property characterizes liquids, and what solids 1 
what properties of matter have gases and vapors 1 

87. Show how air is proved to be material. Explain Fi^rv 42. 
State the diflerent principles which this apparatus is capable of 
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oomes so great that we cannot depress it any brther 
by the strength of the hand. If we apply heavy 
weights, we may force it nearer and nearer to the 
bottom of the cylinder ; but no power will bring it into 
contact with the bottom. This experiment may be 
so varied as to prove several thines. First, it shows 
that air is impenetrable ; seoondlyi that it may be 
indefinitely compressed — all the air of a laige room 
might be reduced to a thimble-full, and on removing 
the pressure, it would immediately recover its original 
volume ; thirdly, that the resistance increases the more 
it is compressed. We will graduate the cylinder into 
a thousand equal divisions, by horizontal marks num* 
bered from the bottom upward from one to one thou- 
sand, and place on the pan at the top of the pistc»i.rod 
a few grains, so as just to overcome the friction of 
the piston against the sides of the cylinder. We will 
now put on weights successively, until we have sunk 
the piston half way, when the air occupies five bun* 
dred instead of a thousand parts of the cylinder. If 
we double the weight, it will not carry the piston the 
same distance as before, that is to the bottom, but only 
through half the remaining space, so that the air now 
occupies one fourth of the capacity of the cylinder. 
If we double the present weight, it will again be com- 
pressed one half, so as to fill but an eighth part of the 
cylinder. We find, therefore, that a double force 
of compression, always reduces to half the former 
volume. Xhis law is expressed by saying, that Ihe 
volume of a given weight of air is inversely as the com- 
pressing force. 

88. Air has the property of inertia* It remains at 

proving. How is the volame of a given weight of air propo(rtion«d 
to the compreasing force 1 ^ ^ • ^ 

88. Why haa wr the property of inertia*!. State the experiment 
which ihowa that air hai weight. Why » air caUed a flmdl Hav» 
the paiticlea of elastic fluids any cohesion 1 
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rest nnleas put in motion by some force, and continiies 
to move until some adequate force stops it. When 
put in motion by any moving body, it destroys just as 
much motion in that body as it receives from it ; and 
it bses its motion only as it imparts the same amount 
to some other matter. A lai^e body moving swiftly 
through the air meets with great resistance ; but what- 
ever motion it loses, it imparts to the air, which might 
be sufficient to produce a high wind. Air also has 
weight. If we balance a light bottle, containing a hun- 
dred cubic inches, in a delicate pair of scales, having 
just pumped out all the air from the bottle, and then 
open the stopper, and admit the air again, we find the 
vessel has gained in weight 30| grains. We call air 
and all other gases and vapors fluids^ because their 
particles move so easily among themselves. The par- 
ticles of elastic fluids have no cohesion, but on the other 
hand, have a mutual repulsion, which causes them to 
fly off from each other as soon as the compressing force 
is removed or diminished. 

89. The lower portions of air which lie next to the 
earth, are pressed by the whole weight of the atmo- 
sphere, which is found to amount to the enormous force 
of 15 pounds upon every square inch ; or above 2,000 
pounds upon a square foot. This force would be insup- 
portable to man and animals, were it not equal in all 
directions, entering into the pores of bodies, and thus 
being everywhere nearly in a state of equilibrium. It 
is only when we withdraw the air from a given space, 
so as to leave the surrounding air unbalanced, that we 
see marks of this violent pressure. 

00. The air-pump. — ^Various properties of the air 
are exhibited by this beautiful and interesting appara- 
tus* A simple form of the Air-Pump is shown in fig- 



9k What is the preaare of the atmosphere upon a aquaie inchy 
and square foot 1 Why ia it not inaapportablB to man ^ 
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ine 48* A Tepreaents a cylinder having a pistoo 
mmzig up and down in h. The cylinder oonunun^ 

Fig. 43. 




/\ 




cates by an open pipe, B, with the plate of the punip» 
C, opening into the receiver, D, which is a glass ves« 
sel ground at the bottom so as to fit the plate of the 
pump air-tight. At S is a small screw which opens or 
closes a passage into the pipe, B, by which air may 
be let into the receiver when it has been withdrawn by 
the pump. 

In order to understand how the pump extracts the 
air from the receiver, or exhausts it, it is necessary 
first to learn the structure of a valve, A valve is any 
contrivance by which a fluid is permitted to flow one 
way, but prevented from flowing the opposite way. 
A common hand bellows aflbrds an example of a valve, 
in the little clapper on the under side. When the 
bellows is opened, the clapper rises and the air runs 
in ; and when the bellows is shut, the clapper closes 



90. Air-Pump. Describe Fig. 43. Describe a «a/ve. Example ia 
a bellows— in tne piston and cylinder of the air-pump. Ezplam the 
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upon the orifice, and as the air cannot escape by the 
same way it entered, it is forced out by the nozzle of 
the bellows. In the bottom of the cylinder, A, in fig. 
ure 43, there is a small hole, like a pin hole. On 
drawing up the piston, the space below it would be a 
vacuum were it not that the air instantly rushes in 
from the pipe, B, and the receiver, D, and fills the 
space, as water runs into a syringe. A strip of oiled 
silk is tied firmly over the orifice in the bottom of 
the cylinder on the inside, opening freely upward 
when this air seeks entrance from below, but shutting 
downward and preventing its return. Then if we 
should attempt to force down the cylinder, the air 
below it would resist its descent ; but a small hole is 
made through the piston itself, and a valve tied to the 
upper side opening upward ; so that on depressing 
the piston, the air below makes its way through the 
valve and escapes into the open space above. We 
raise the piston, and the air in the receiver follows it 
through a valve in the bottom of the cylinder opening 
upward. The original air of the receiver being now 
expanded equally through the receiver, the cylinder, 
and the connecting-pipe, we thrust down the piston, 
and the portion of the air that is contained in the cyl- 
inder is forced out through the piston. We again 
raise the piston, and the remaining air of the receiver 
expands itself as before through the vacuum; we 
depress the piston, and a second cylinder full of air 
is withdrawn. By continuing this process, we rarefy 
more and more the air of the receiver, every stroke of 
the piston leaving what remains more rare than be- 
fore. Still, on account of the elasticity of air, what 
remains in the cylinder will always diffuse itself 
through the whole vessel, so that we cannot produce 
a complete vacuum by the air-pump. 

process of exhausting a vessel. Can we produce a complete va- 
cuum by the air-pump 1 
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91. Several experiments will illustrate the great 
pressure of the atmosphere, when no longer balanced 
by an equal and opposite force. We shall find the 
receiver, when exhausted by the foregoing process, 
held firmly to the plate of the pump so that we cannot 
remove it until we have opened the screw, S, and 
admitted the air ; then the downward force of the air 
being counterbalanced by an equal force from withioi 
the vessel is easily taken off. The 
Magdeburg Hemispheres, represented in Flgr. 44. 
figure 44, afR>rd a striking illustration 
of the force of atmospheric pressure. 
When they have air within as well as 
without, they are easily, when joined, 
separated from each other ; but let us 
now put them closely together and 
screw the ball thus formed upon the 
plate of the pump, exhaust the air, and 
close the stop-cock so as to prevent its 
return. We then unscrew the ball from the pump, and 
screw on the loose handle ; the hemispheres are pressed 
so closely together that two men, taking hold by the 
opposite handles, can hardly pull them apart. Hemis- 
pheres four inches in diameter would be held togeth- 
er with a force equal to 188 pounds. Otto Guericke, 
of Magdeburg, in Germany, who invented the air-pump 
and contrived this experiment, had a pair of hemis- 
pheres constructed, so large that sixteen horses, eight 
on each side, were unable to draw them apart. A 
pair only two feet in diameter, would require to sepa- 
rate them a force equal to 6785 pounds. If our bod- 
ies were not so penetrated by air, that the external 
pressure is counterbalanced by an equal force from 

91. Give an example of the great'preanre of the atmoephere. De- 
Bcribe the Blagdeboic Hemispheres. What is said of those made 
by Otto Gkwiicke 1 How much pressure does a middle-sued maa 
sofltainl Why are we not crushed 1 
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within, we should bo crushed under the weight of 
the atmosphere; for a middle sized man would sus- 
tain a. pressure of about 14 tons. 

93. If we take a square bottle, fit a stop-cock to it, 
and exhaust the air, the pressure on the outside will 
crush it into small fragments, with a loud explosion. 
It is pnident to throw a towel or handkerchief loose- 
\y over it, to prevent injury from the fragments. A 
square bottle is preferred to a round one, because 
such a figure has less power of resistance. The lap- 
tlone experiment may be tried without an air-pump, 
and affords a pleasing illustration of the force of 
atmospheric pressure. Cut out a circular piece of 
sole leather, five or six inches in diameter. Through 
a hole in the center draw a waxed thread to serve aa 
a handle. Soak the leather in water until it is 
very soft and pliable ; then, on applying this to any 
smooth, clean surface, as that of a lap-stone, a slab 
of marble, or a table, it will adhere with such force, 
that we cannot lift it off; but when we pull up- 
ward, the heavy body to which it is attached will 
be lifted with it. We may, however, slide it with 
ease, because no force acts up- 
Fig. 45. on it lo prevent its motion in 

this direction, except simply 
the adhesion of the surfaces. 
Flies are said to ascend a paoe 
of glass on this principle, hy 
applying their broad feet firmly 
to the glass, which are held 
down by the pressure of the at- 
mosphere. When we apply a 
f sucker, and exhaust it with the 
mouth, the fluid rises becaust 

n. Deaeiibe Ibe eipcriment with a Bijuare botde. Abo (he lap- 
Mime expenmeal. Wtiv can we so eea]f iHdi the leather 1 How 
da fliea aaceod anootfa planes 1 Haw does the hoj sack water 1 
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Fig. 46. 



it k £>roed up by the pressure of the atmosphere on its 
surface. When we draw in the breath, the lungs are 
expanded like a pair of bellows. Thus the air runs 
from the sucker into the lungs, and forms a vacuum in 
the sucker. Immediately the pressure of the atmo> 
sphere on the surface of the fluid, not being balanced 
in the tube, forces the fluid up the tube and thence into 
the mouth. 

93. If we fill a vial with water, and, placing one 
thumb on the mouth, invert it in a tumbler partly full 
of water, the water will not run out of 
the via], but will remain suspended, 
because there being no air at the top of 
the column to balance the pressure that 
acts at the mouth of the vial, the 
column cannot descend. If, however, 
instead of the vial, we should employ a 
pipe more than 33 feet long, on filling it 
and inverting it, as was done with the 
vial, the water would settle to about 33 
feet, and there it would rest ; for the 
pressure of the atmosphere is capable of 
sustaining a column of water only 33 
feet high. Were it higher than this, it 
would be more than a counterpoise for 
that pressure, and would overcome it 
and sink ; and were it lower than that, 
it would be overcome by that pressure, 
and rise until it exactly balanced the 
force of the atmosphere. Instead of fill- 
ing the pipe with water, we will attach a 
stop-cock to the open end, screw it on 
the plate of the air-pump, and exhaust the air. We 
will now close the stop-cock, and removing the tube 

98. Describe the experiment with the vial. Also with a pipe 
more than thirty-three feet long. If we exhaust the pipe and open 
it under water, what happens 1 
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from the pump, will place the lower end of the pipe 
in a bowl of water. On opening the stop-cock the 
water will rush into the pipe, and rise to about the 
■ame height as before, namely, about 33 feet, where 
it will rest. In both cases, there is an empty space or 
vacuum in the upper part of the pipe above the column 
of water. 

Fie- 47- ^^' '^'^ experiment illustrates the prin- 

ciple of the common pttmp, of the typhon, 
and of the laromeUr. Let us first see 
how water is raised by the pump. Thia 
apparatus usually consists of two pipes — 
5 a larger, A B, above, and a smaller, H C, 
" below. The piston moves in the larger 
pipe, and the smaller pipe descends into 
the well. On the top of the latter, where 
it enters the former, is a valve, V, opening 
upward. Suppose the piston, P, is down 
close to this valve. On raising it, the air 
from the lower pipe difTuses itself into the 
empty space below the piston, becomes 
rarefied, and no longer balances the pres- 
sure of the atmosphere on the surface of 
the well. Consequently, the water is 
forced up until the weight of the column, 
together with the weight of the rarefied 
air, restores the equilibrium. Suppose by 
the piston being drawn up to P, the water 
rises to H ; then the column, H C, and the 
rarefied air in both pipes blether, first 
counterbalance the weight of the atmo- 
sphere. On raising the piston still higher, 
I the water rises above H, but would not prob- 
the valve, V, by a single elevation of the pis- 
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ton. We therefore thrust down the piatoo to repeat the 
c^>eratioii. The air between V and P is prevented from] 
returning into the lower pipe, by the valve, V, which 
ahula downward ; but the enclosed air, when com- 
pressed by the descending piston, lifla a valve in the 
piston, as in the air-pump, and escapes above. On 
drawing up the piston a second time, suppose that the 
water rises into the upper pipe above the valve, V, then 
CMi depressing the piston again, this water, pressed on 
by the piston, lifts its valve, and gets above it. Finally, 
oo drawing up the piston again, this same water is tifled 
up to the level of the spout, S, where it runs off. We 
exert just as much force in exhausting the air, as the 
pressure of the atmosphere exerts in raising the wa- 
ter. It requires, therefore, just as much force to raise 
s given quantity of water by the pump, as to draw it 
up in a bucket ; aod the only questicn is, which is the 
most convenient mode of applying the jbroe. 

95. The SjppAonisabenttube, 
having one leg longer than the Tig- 48. 

other, as in Fig. 48. If we dip 
the shorter leg into water and 
nick out the air from the tube, > 
the water will rise, pass over the 
bend, flow out at the open end, 
and continue to run until all the 
water in the vessel is drawn off. 
Here the pressure of the atmo- 
qthere on both mouths of the tube 
ia the same ; but in each arm, that 
pressure is resisted by the weight 
of the column of water above it, and more by the 
longer than by the shorter cdumn. This is the same 
thing as though the pressure were less upon the outer 

». Tieacnbe Ihe Srphcm. Wbv doee il draw offihe liquid 1 StWa 
the n»e« of the Syphon, How high will il raise witer 1 
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than upon the inner mouth ; and it is easy to see that 
if the water in a tuhe is pressed one way more than 
the other, it will flow in the direction in which the 
pressure is greatest. The syphon is used in drawing 
ofT liquors ; and the water in aqueducts is sometimes 
oonveyed over hills on the principle of the syphon. 
1^ .g But we must remember^ that water could 
^' ' not be raised by it more than 33 feet ; for 
when the bend is 33 feet above the level of 
the fountain, then the column in the shorter 
arm balances the pressure of the atmosphere 
at the mouth of the tube in the well, and 
2fi leaves no force to drive forward the column 
into the descending arm. 

96. The Barometer is an instrument for 
Zf measuring the pressure of the atmosphere. If 
the atmosphere be conceived to be divided 
into perpendicular columns, the barometer 
measures the weight of one of these by the 
height of a column of quicksilver which it 
takes to balance it. Quicksilver is 13^ times 
as heavy as water, and therefore a column so 
muoh shorter than one of water, will balance 
the weight of an atmospheric column. This 
will imply a column about 2\ feet, or 30 
inches high ; and it will be much more con- 
venient to experiment upon such a column, 
than upon one of water 33 feet high. We 
will therefore take a glass tube about three 
fbet long, closed at one end and open at the 
other, fill it with quicksilver, and placing the 
finger firmly on the open mouth, we will in- 
sert this below the surface of the fluid in the 
small cistern, as represented in the figure. 



Wt D«>Aae the Barometer. Describe the mode of making it by 
Fig. 4&^ At what heiffht will the quickaUver rest X What ia the 
«|mo« above it called T 
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On withdrawing the finger, the qniokniTer in the tube 
will settle to the height of about thirty inches, where 
it will rest, being sustained by the pressure of the 
atmosphere on the surface of the fluid in the ciBtem, 
to which force its weight is exactly equal. The space 
above the quicksilver, is the best vacuum we are able 
to form. It is called the T&rrieeBian vacuum, from 
Torricelli, an Italian philosopher, who first formed it. 
The weight of a column of atmospheric air is different 
in different states of weather, and its variaticms will be 
indicated by the rising and &lling of the quicksilver in 
the barometer. Any increase of weight in the air 
will make the fluid rise ; any diminution of weight 
will make it fall. Hence, these variations in the 
height of the barometric column, show us the compara- 
tive weight and pressure of the atmosphere at any 
given time. By applying to the upper part of the tube 
a scale divided into inches and tenths of an inch, we 
can read oflT the exact height of the quicksilver at any 
given time. Thus, the fluid, as represented in the 
figure, stands at 29.4 inches. 

07. The barometer is one of the most useful and 
instructive of philosophical instruments. By observing 
it from time to time, we may find how its changes are 
connected with the changes of weather, and thus it 
frequently enables us to foretell such changes. If, for 
example, we should observe a sudden and extraordinary 
fall of the barometer, we should know that a high 
wind was near, possibly a violent gale. To seafaring 
men, the barometer is a most valuable instrument, 
since it ^sables them to foresee the approach of a gale, 
and provide against it. . As a general fact, the rising 
of the barometer indicates fair, and its falling, Jiul 
weather. 



87. Expla'm the use of the barometer as a weather elasfc What 
would a sudden and extraordinary fall indicate 1 What weather 
does its rite, and what its fail indicate 1 

9 
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Fig. 50. 




08. The ibregoing considerations relate to the 
weight and pressure of the atmosphere ; but the air- 
pump also afibrds us interesting illustrations of the 

eUuUcUy of air. We will fill a 
vial with water, and invert it in 
a tumbler partly filled with the 
same fluid. We will now place 
the tumbler and vial on the plate 
of the air-pump, and cover it with 
a receiver, and exhaust the air. 
Soon afier we begin to work the 
pump, we shall see minute bubbles 
of air making their appearance in 
the water, which will rise and col- 
lect in a bubble at the top of the 
ieolumn. The bubble thus formed, will expand more 
and more as the exhaustion proceeds, until it expels 
the water, and occupies the whole interior of the vial. 
This will happen much sooner if we let in a bubble of 
air at first, and do not wait for it to be extricated from 
the water ; but this extrication of air from the water, 
is itself an instructive part of the experiment, as it 
shows us that water contains a large quantity of air, 
held in combination with it by the pressure of the 
atmosphere on the surface, which pressure pervades 
all parts of the fluid alike. But on withdrawing this 
pressure gradually from thQ surface of the water, the 
particles of air imprisoned in the pores of the water 
escape, and collect on the top. The bubble thus 
formed, will expand more and more as the pressure is 
still farther removed, until it drives down the water 
and fills the whole vial. If we turn the screw S of 
the pump (Fig. 43) and let in the air, the pressure on 
the surface of the water in the tumbler being restored, 



9S. Describe Fig: 60, and show how it illustntea the ehufticity of 
air. What will porous bodies give oat in aa czhansled leceivcr '^ 
How will warm water be affectra 1 
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the water inll be forced up the vial again, and the 
air will be reduced to its original bubble. If we plaee 
any porous substance, as a piece of brick, or a crust 
of bread, in a tumbler, and fill the tumbler with water, 
(attaching a small weight to the bread to keep it under) 
we shall see, in like manner, an unexpected amount of 
air extricated when we place it under the receiver, and 
remove the atmospheric pressure from it, so as to per- 
mit it to assume the elastic state. Liquids boil at a 
much lower temperature than usual, when the pressure 
of the atmosphere is removed from them. Thus, if 
we take a tumbler half full of water, no more than 
blood-warm, set it under the receiver, and exhaust the 
air, it will boil violently. 

09. Air is the medium of eombustionj of respiration^ 
and of smmd. If we place a lighted candle under the 
receiver of an air-pump, and exhaust the air, the light 
will immediately go out, showing that bodies cannot 
bum without the presence of air. Nor without this 
can animals breathe. A small bird placed beneath 
the receiver, will cease to breathe as soon as the air is 
exhausted. If a bell, also, is made to ring under a 
receiver, the sound will grow fainter and fainter as 
the air is withdrawn, and finally be scarcely heard at 
all. The huoycmcy of air, like that of water, enables 
it to support light bodies. In a vacuum, the heaviest 
and lightest belies descend to the earth with the same 
velocity. If we suspend a guinea and a feather ftaax 
the top of a tall receiver, exhaust the air, and let them 
MX at the same instant, the feather will keep pace with 
the guinea, and reach the plate of the pump at the 
same instant. 

100. The Condenser. — A piston and cylinder may 
be so contrived as to pump air into a vessel instead of 



99. How may we show that air is csBcntial to combosaon 1, AIm 
>life1 AJsotoBoundl Describe the guinea and icatlierwpeniiieiit 
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fMinpimg h out. Figure 51 n^reaents ■ cooieoaag 
ttfriBga screwed to * box pertly filled with water. 
When the piahn is drawn up to the top, above aD ori- 
fice E in ibe side, the Kir runs in ftt 
Fie. ^1- B, which on depressing the piston, ia 

driven Ibrwud into t^ box through 
« valve, V, which opens inward, but 
closes outward, and prevents the re* 
turn of the air. By repeated blows 
of the ptstoo, n»re and moie air is 
dreed ioto Ibe box, constantly in- 
creasing the pressure on the surface 
<rf the water. D is a lube opening 
and closing by a Elop.c«;k, having i^ 
lower end in the water. When the 
air is sirot^lj condensed, on t^iwitng 
il»e stop-cock, (he water issues frwo 
die rube with violence. Soda Water 
FontUain* are constructed on this prin- 
ciple. A i^reat quantity of carbonic 
acid, or fixed air, is forced into « 
strong metallic vessel, containing a 
solulibo of soda, and therefore ia sub- 
J*v»f<« »** powerful pressure. A tube connects this 
<•«« »* the counter where the liquor is to be drawn, 
*•'** "^*» *'lh violence, as soon as vent is ^iven to 
*»M^fc«n»s, in consequence of the carbcmic acid 
Wp^aAng by the removal of the pressure by which it 
•»* hwo confined. The condenser employed for this 
PM'FoaiK « called a forcing pimp, and difiers ftom the 
0«wtoin»nr syringe, represented in figure 51, chiefly in 
M*^ worked by a lever attached to the pi«on, inatead 
of tbo naked hand. «- r 
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ptmnping it out. Figure 51 represents a condensing 
syringe, screwed to a box partly filled with water. 
When the piston is drawn up to the top, above an ori- 
fice E in the side, the air runs in at 
n^. 51. E, which on depressing the piston, is 

driven forward into the bos through 
a vbIvp, V, which opens inward, but 
closea outward, and prevents the re- 
turn of tbe sir. By repeated blows 
of the piston, more and more air is 
forced into the box, constantly in- 
creasing the pressure on the surface 
of the water. D is a tube opening 
anil closing by a stop-cock, having its 
lower end in the water. When the 
air is strongly condensed, on opening 
the stop-cocl[, (he water issues from 
the lube with violence. Soda Water 
Fountains are constructed on this prin- 
ciple. A greet quantity of carbonic 
acid, or fixed air, is forced into a 
strong metallic vessel, containing a 
solution of soda, and therefore is sub- 
jected to a powerful pressure. A tube connects this 
vessel to the counter where the liquor is to be drawn, 
which issues with violence, as soon as vent is given to 
it, and foams, in consequence of the carbonic acid 
expanding by the removal of the pressure by which it 
had been confined. The condenser employed for this 
purpose, is called a forcing jntmp, and diflers ftam the 
oondenaing syringe, represented in figure 51, chiefly in 
being worked by a lever attached to the piston, instead 
of the naked hand. 



100. Desciibe ibe Condenw 
into the boi 1 Ejptain Ihe 
What u the iorcing pomp 1 
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101. The Fire-Engme throws water by means of 
two fbrciog pumps, one on each side, which are work- 
ed by the firemen. T represents the hose, or leattu 
em pipe, which leads off to some well or cistern of 
water, whence the supply is drawn. F is the work, 
ing beam, to each end of which is attached a piston 
moving in the cylinder A B. Suppose at the com- 
mencement of the process, the left hand piston ia 
down close to the valve V ; as it rises, the water fol- 
lows it from th^ hose, lifting; the valve V, and enter- 
ing P B below the piston. When the piston descends, 
it forces the water through a. valve into the air- 
vessel, M. As the water is thrown in by successive 
descents of the piston, it rises in M, and condenses 
the air of the vessel into a small space at the top. A 
second bose, P, dips into the water, and terminates in 
the farther end in a pipe, which the fireman directs 

Wbj is the ui-Tcael 
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upon any required point, sending the water in a con- 
tinual stream. Tlie stream might indeed be propel- 
led directly by the action of the pistons, without the 
intervention of the compressed air in M ; but in that 
case it would go by jerks ; whereas, the elasticity of 
the confined air acts as a uniform force, and makes 
the water flow out in a continual stream. Air-springs^ 
acting on the same principle, are sometimes attached 
to coaches, and are said to operate well. Beds have 
been filled by inflating them with air instead of feath- 
ers, and have the advantage of being always made up. 

Sbc. 2. Of Steam and its Properties. 

102. Steam, or the elastic fluid which is produced 
by heating water, owes its mechanical efficacy to its 
power of suddenly acquiring by heat a powerful elas- 
ticity, and then losing it as suddenly, by cold ; in 
the former case, expanding rapidly, and expelling 
every thing else from the space it occupies ; and, in 
the latter case, shrinking instantly to its original di- 
mensions in the state of water, and thus forming a va- 
cuum. By this means, an alternate motion is given 
to a piston, which being communicated to machinery, 
supplies a force capable of performing every sort of 
labor, and being easily endued with any required de- 
gree of energy, is at once the most efficient and the 
most manageable of all the forces of nature. Thus, 
if steam be admitted below the piston, in figure 53, 
when its force accumulates sufficiently to overcome 
the resistance of the piston, it raises it ; and if it then 
be let in above the piston, it depresses it. When the 
piston rises, it may be made to turn a crank half 
round, and the other half when it falls, and thus a 



KB. To what two popertiea does steam owe its mechaaical eA- 
c%cy 1 To what is the motion first communicated, and how Insw- 
fened to machinerv 1 Show bow the piston is raised and depressed. 
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maia wheel may be made to revolye, fiom wkich no* 
tion may be conveyed to all aorta of maohinerf • Tho 

degree of force which steam exerts, depends on the 
temperature and density conjointly. If we put a 
spoonful of water into a conyenient vessel, as an oil- 
^asky and place it over the fire, the water will soon 
be turned into elastic vapor, which will drive out the 
air and fill the entire capacity of the vessel. As soon 
as this takes place, we cork the flask and again set it 
over the fire. The steam will increase in elastic 
power, just as that of air would do, which is only at 
a moderate rate, and it might be heated red hot with- 
out exerting any violent force. If we now unstop the 
flask and fill it one third full of water, and again place 
it on the fire, and stop it close when it is bouing free* 
ly, then successive portions of water will be constant- 
ly passing into vapor, and, of course, the steam in 
the upper part of the vessel will be constantly growing 
more and more dense. It is important to remember, 
therefore, that when steam is heated by itself, and 
not in contact with water, its elasticity increases 
slowly, and never becomes very great; but when it 
is heated in a close vessel containing water, which 
makes to it constant additions of vapor, thus increase 
mg its density, it rapidly acquires elasdc force, and 
the faster the longer Uie heat is continued, so as 
shortly to reach an energy which nothing can resist. 
Such an accumulation of force sometimes takes place 
by accident in a steam boiler, and produces, as is 
well known, terrible explosions. 

108. If the foregoing principles are well under:, 
stood, it will be easy to learn the construction and 
operation of the Steam Engine. For the sake of i^m- 
plicity, we will leave out numerous appendages which 



Upon what does the degree of force depend 1 Experiment wiUi a 
flstfk of steam with and without water. 
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aiaftlly aooompaiiy this apparatus, but are not e»en< 
tial to the main principle. In figure 63, A represeoU 



the boiler, C the cylinder, in which the piston H inoveB, 
L the eondenter, and M the air-pttmp. 6 is the tteam- 
fipe, branching into two arms, communicating re- 
■pectively with the top and bottom of the cylinder, and 
K is the educiion-pipe, form^ of the two branches 
which proceed from the top and bottom of the cylin- 
der on the other side, and communicate between the 
cylinder and the condenser, which is immersed in a 
well or cistern of cold water. Each branch of the 
[Mpe has its own valve, as Fj G, P, Q, which may be 
opened or closed as occasion requires. R is a safety 
valve, closed by a plate, which ia held down by a 
weight attached to a lever, and sliding on it, so as 
to increase or diminlBh the force at pleasure. When 

108. Deicribe Ti^pm 08. 
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the finrce of the steam exceeds this, it will lift the 
TalTe and escape, thus preventing the danger of ezpld> 
si<m. 

104. Suppose, first, that all the valves are open, and 
that steam is issuing freely from the boiler. It is easy 
to see, that the steam would circulate freely through 
all parts of the engine, expelling the air, which would 
escape through the valve in the piston of the air-pump^ 
and thus the interior spaces would be all filled with 
steam. This process is called blowing of; it is heard 
when a steamboat is about leaving Uie wharf. Next 
the valves, F and Q, are closed, G and P remaining 
open. The steam now pressing on the cylinder, forces 
it down, and the instant when it begins to descend, the 
stop-cock O is opened, through which cold water meets 
the steam as it rushes from the cylinder and condenses 
it, leaving no force below the piston to oppose its descent.' 
Lastly, G and P being closed, P and Q are opened, the 
steam flows in from the boiler below the piston, and 
rushes from above into the condenser, by which means 
the piston is forced up again with the same power as 
that by which it descended. Meanwhile, the air-pump 
is playing, and removing the water and air from the 
condenser, and pouring the water into a reservoir, 
whence it is conveyed to the boiler to renew the same 
circuit. 

105. In High Pressure engines, the steam is not 
condensed, but discharges itself directly into the atmo. 
sphere. The puffing heard in locomotives, arises from 
this cause. High pressure engines are those in which 
steam of great density, and high elastic power, is used. 
By this means, a more concentrated force is produced, 
and the engine may be smaller and more compact; 



104. Show how the engine la set a going, and keptat work. 

105. What becomes ofthe steam in high prcflBurecngincBl Whence 
arises the puliins heard in locomotives 1 What are high pressure 
es^es 1 WhS are their advantages over-low pressuie engmes 1 
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km unless it is made proportionally stroi^r, it is more 
liaUe to explode, and when it gives way it explodes 
with great violence. 



CHAPTER V. 
METEOROLOGY. 

QKimULX. OBJECTS OF THE SCIENCE — EXTENT, DBN8ITT, AND TEX- 

PKmATOEB OF THE ATMOBPHERE — TtS RELATIONS TO WATER 

BBLATIONS TO BEAT — RELATIONS TO FIERT METEORS. 

106. Meteorology w that branch of Natural Phi- 
io9opkp which treats of the Atmosphere. In Pneii- 
matios, we learn the properties of elastic fluids in 
general, on a small scale, and by experiment rather 
than by observation ; but in Meteorology, we extend 
our views to one of the great departments of nature, 
and we reason, from the known properties of air and 
vapor, upon the phenomena and laws of the entire 
body of the air, or the atmosphere. Meteorolc^ leads 
us to consider, first, the descrifdion of the atmosphere 
itself including its extent, condition at dilSerent heights, 
uid the several elements that compose it ; secondly, 
the relations of the atmosphere to toatery including 
the manner in which vapor is raised into the atmo- 
qihere, the mode in which it exists there, and Ibe 
various ways in which it is precipitated in the foraa 
of dew, fog, clouds, rain, snow, and hail ; thirdly, ihe 
lotions of the atmosphere to heat, embracing the 
nolioDs of the atmosphere as exhibited on a small 
scaloi in artificial draughts and ventilation ; and on 
^ laiga acalcy in winds, hurricanes, and tornadoes ; 



M^ IMte Meteoroloey. How distixiguiBhed from Fneimuaicsl 
WiM dUN«Ht w^i^ceta does Meteorology lead as to eoaaider 1 
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finally, in the relations of the atnx)8phere to jSwy 
teorsy as thunder and lightning, aurora borealis, and 
shooting stars. 

« 

Sec. 1. Of the Extent^ DmiUy^ and Temperalmrt iff 
the Atmosphere. 

107. The atmosphere is a thin transparent veili 
enveloping the earth, and extending to an uncertain 
height, but probably not less than one hundred miles 
above it. Since air is elastic, and the lower portions 
next to the earth sustain the weight of the whole body 
of air above them, they are compressed by the load, as 
air would be under any other weight. As we ascend 
above the earth, the air grows thinner and thinner very 
fast, so that if we could rise to the height of seven 
miles in a balloon, we should find the air four times 
as rare there as at the surface of the earth. The air 
is, indeed, much more rare on the tops of high moun- 
tains than at the level of the sea ; and at a height 
much greater than that of the highest mountains on 
the globe, man could not breathe, nor birds fly. The 
upper regions of the atmosphere are also very cold. 
As we ascend high mountains, even in the torrid zone, 
the cold increases, until we finally reach a point where 
water freezes. This is called the term of congelation. 
At the equator, it is about three miles high ; but in 
the latitude of 40, it is less than two miles, and in the 
latitude of 80, it is only one hundred and twenty feet 
high. Above the term of congelation, the cold con* 
tinues to increase till it becomes exceedingly intense. 
The clouds generally float below the term of con- 
gelation. Mountains, when very high, are usually 
covered with snow all the year round, even in the 



107. Give a general description of the atmosphere, as to its height 
—density at different heightfr-cold of the upper «gK>o8- What wthe 
term of congelauon 1 How hi^ at the equator T A 1 40o and 80© 1 
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warmest countries, merely because they are above this 
boundary. 

Sec. 2. Of the Relations of the Atmosphere io 
Water. 

108. Besides common air, the atmosphere always 
contains more or less watery vapor, a minute portion of 
fixed air, or carbonic acid, and various exhalations, 
which are generally too subtile to be collected in a 
separate state. By the heat of the sun^ the waters on 
the surface of the earth are daily sending into the 
atmosphere vast quantities of watery vapor, which rises 
not only from seas and lakes, but even from the land, 
wherever there is any moisture. The vapor thus 
raised, either mixes with the air and remains invisible^ 
or it rises to the higher and colder regions, and is 
condensed into clouds. . Sometimes accidental causes 
operate to cool it near the surface of the earth, and 
then it forms togs. It returns to the earth in the forms 
of dew, and rain, and snow, and hail. 

109. Dew does not fall from the sky, but is deposited 

from the air on cold surfaces, just as the film of moisture 

is, which we observe on a tumbler of cold water in a 

sultry day. Here, the air coming in contact with 

a surface colder than itself, has a portion of the 

invisible vapor contained in it condensed into water. 

In the same . manner, on clear and still nights, which 

ate peculiarly favorable to the formation of dew, 

(be ground becomes colder than the air, and the 

\«ttEt circulating over it, deposits on it and on all 

^TO near it, a portion of its moisture. Dew does 
\rts.Wionall substances alike that are equally ex- 



" ^.J^^^^c fluids besides air docs the atmosphere con- 

"k ^Ji^^^Rwatery vapor derived 1 What becomes of it 1 

nru ^(^^MMMw'*"^^ '^ l^B dew form on all sabetances aUke % 

wiu ^^^i^ What receive none 1 
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posed to it. Some rabstances on the sur&ce of die 
earth are found to grow colder than others, and these 
receive the greatest deposit of dew. Deep water, as 
that of the ocean, does not grow at all colder in a 
single night, and therefore receives no dew ; and the 
naked skins of animals, being wanner than the air, 
receive none; although the moisture which is con* 
stantly exhaled from the animal system itself, as soon 
.as it comes into contact with the colder air that sur- 
rounds the person, may be condensed, and moisten the 
skin or the clothes in such a way as to give the appear- 
ance of dew. In this manner, also, frost (which is 
nothing more than frozen dew) collects, in cold weather, 
on the bodies of domestic animals. By a beautiful 
provision of Providence, dew is always guided with a 
frugal hand to those objects which are most benefited 
by it. Green vegetables receive much more than na- 
ked sand equally exposed, and none is squandered on 
the ocean. 

110. Bam is formed in the atmosphere at some 
distance above the earth, where warm air becomes 
cooled. If it is only cooled a few degrees, the mcHst- 
ure may merely be condensed into cloud ; but if the 
cooling is greater, rain may result ; and when a hot 
portion of air, containing, as such air does, a great 
quantity of watery vapor in the invisible state, is 
suddenly cooled by any cause, the rain is more abun- 
dant, or even violent. In such cases, it may have 
been cooled by meeting with a portion of colder air, 
as when a warm southwesterly wind meets a cold 
northwester, or by rising into the upper regions near 
the terih of congelation. In some parts of the earth, 
as in Egypt, and in a part of Chili and Peru, it sel- 
dom or never rains, for there the winds usually blow 



110. Where is rain formed, and how 1 When is.the preci^^^^^^ 
i the form of clond 1 When of rain ' When » the rain violent 1 la 
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steadily in one directioa, aad encounter none of those 
mizturea with colder air which form rain. In some 
other countries, as the northeastern part of South 
America, the rains are excessive; and in others, as 
most tropical countries, the rains are periodical, being 
very copious at particular periods called the rainy 
seasons, while little or none falls during the other parts 
of the year. 

111. Snow is formed from vapor crystallized by 
cold instead of uniting in drops. By this means it is 
converted into a light downy substance, which falls 
gently upon the earth, and forms a covering that con- 
fines the heat of the earth, and furnishes an admirable, 
defence of the vegetable kingdom, during winter, in se- 
vere climates. In cold climates^ flakes of snow consist 
of regular crystals, presenting many curious figures, 
which, when closely inspecteo, appear very beautiful. 
Nearly a hundred distinct forms of these crystals have 
been particularly described by voyagers in the polar 
aeas, specimens of which, as they appear under the 
magnifier, are exhibited in the following diagram. 

Fig. 54 





When a body of hot air becomes suddenly and 
intensely cooled, the watery vapor is frozen and 
forms haiL The most violent hailstorms are formed 
by whirlwinds, which carry up bodies of hot air far 
beyond the term of congelation, where the drops of 

ifrhat different ways is the hot air cooled 1 Where does it never rain % 
Why 1 Where are the rains excessive 1 Where periodical 1 

111. Snow, how formed 1 What purpose does it serve 1 In what 
manner does it crystallize, and in how many difierent forms 1 When 
is hail formed 1 now are the most violent hailstorms formed ? How 
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ram are frozeis into hailstones, and these being ras- 
tained for some time by the upward force of the whirl- 
wind, accumulate occasionally to a very large size. 
Hailstorms are chiefly confined to the temperate zones, 
and seldom occur either in the torrid or the frigid 
zone. In the equatorial regions, the term of congela- 
tion is so high, that the hot air of the surface, if raised 
by a whirlwind, would seldom rise beyond it ; and in 
the polar r^ons, the air does not become so hot as is 
required to form a hailstorm. 

«" 

Sec. 3, Of the Relations of the Atmosphere to Heat. 

112. It is chiefly by the agency of heat, that air is 
put in motion. If a portion of air is heated more than 
the surrounding portions, it becomes lighter, rises, and 
the surrounding air flows in to restore the equilibrium ; 
or if one part be cooled more than another, it contracts 
in volume, becomes heavier, and flows off on all sides 
until the equilibrium is restored. Thus the air is set 
in motion by every change of temperature ; and as 
such changes are constantly taking place, in greater 
or less degrees, the atmosphere is seldom at rest at 
any one place, and never throughout any great extent. 
The most familiar example we have of the e^cts of 
heat in setting air in motion, is in the draught of a 
chimney. When we kindle a fire in a fireplace, or 
stove, it rarefies the air of the chimney, and the denser 
air from without rushes in to supply the equilibrium, 
carrying the smoke along with it. Smoke, when 
cooled, is heavier than air, and tends to descend, and does 
descend unless borne up by a current of heated air. A 



do hailstones acquire so large asbe 1 To what regions are haUstomis 
chiefly confined 1 Why do they not occur in the toma and mgul 

^**lll. By what agent is air put in motion \ Describe the procen. 
How is the draugFt of a chimiey caused 1 Why does smoke ascend t 
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hot current of air in a chimney is cooled much more 
rapidly when the materials of the chimney are damp 
than when they are dry, and therefore it will cool much 
faster in a wet than' in a dry atmosphere. Hence, 
chimneys are apt to smoke in wet weather. It is es- 
sential to a good draught, that the inside of a chimney 
should he smooth, for air meets with great resistance 
in passing over rough surfaces. Burning a chimney 
improves the draught, principally by lessening the fric- 
tion occasioned by the soot. In stoves for burning an- 
thracite coal, it is important to the draught, that no air 
should get into the chimney except what goes through 
the fire. On account of the great resistance which a 
thick mass of anthracite opposes to air, this will not 
work its way through the coal if it can get into the 
chimney by any easier route. Hence the pipes which 
conduct the heated air from a stove to the chimney, 
should be close, especially the joint where the pipe en- 
ters the chimney ; and care should be taken, that there 
should be no open fireplace, or other means of commu- 
nication, between the external air and the fine with 
which the stove is connected. 

113. It is important to liealth, that the apartments 
of a dwelling-house should be well ventilated. This is 
especially the case with crowded rooms, such as 
churches and sohoolhouses. Of the method of venti- 
lating churches, a beautiful specimen is afibrded in the 
Centre church, in New Haven. In the middle of the 
ceiling, over the body of the church, is an opening 
through the plastering, which presents to the eye nothing 
but a large circular ornament in stucco. Over this, 
in the garret of the building, a circular enclosure 
of wood is constructed, on the top of which is built a 

* 

Why do chimneys smoke in wet weather 1 Why should a chimney 
be smooth 1 Why does burning a chimney improve the draught 1 
What precautions are necessary in burning anthracite coa1« in order 
to secure a good draught 1 
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large wooden chimney, leading off, at a small rise, to 
the end of the building, where it enters the steeple. 
An upper window of the steeple being open, in warm 
weather, the current sets upward from the church into 
the chimney, and thence into the tower, and completely 
ventilates the apartment below. A door, so hung as 
to be easily raised or lowered by a string, leading to 
a convenient place at the entrance of the church, can 
be opened or closed at pleasure. In cold weather, it 
will generally be found expedient to keep it closed, 
to cut off cold air, opening it only occasionally. A 
schoolhouse may easily be ventilated by a similar con- 
trivance connected with a belfry over the center, as is 
done in several school houses recently built in New 
England. 

114. Nature, however, produces movements of the 
atmosphere on a far grander scale, in the form of 
Winds. These are exhibited in the various forms of 
breezes, high winds, hurricanes, gales, and tornadoes ; 
varieties depending chiefly on the different velocities 
with which the wind blows. A velocity of twelve 
miles an hour makes a strong breeze ; sixty miles, a 
high wind, one hundred miles, a hurricane. In some 
extreme cases, the velocity has been estimated as high 
as three hundred miles an hour. The force of the 
wind is proportioned to the square of the velocity ; a 
speed ten times as great increases the force a hundred 
times. Hence, the power of violent gales is irresist- 
ible. Air, when set in motion, either on a small or 
on a great scale, has a strong tendency to a whirl- 
ing motion, and seldom moves forward in a straight 
line. The great gales of the ocean, and the smal. 



113. Ventilation, in what cases is it important 1 How effected in 
churches— how in schoolhouses 1 , . r 

114.- Specify the different varieties of winds. State the velocity.vDf 
a breeze — of a high wind— of a hurricane. How is the force of a wind 
proportioned to the velocity 1 Tendency of air to a whirung mo tion 

10* 
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|Qrpadoe« of the land, often, if not alwayst exhibit 
IBOOPe INT less of a rotary motion, and sometimes appear 
Ip spin like a top around a perpendicular axis, at the 
aame tioie that they advance forward in some great 
eirouit. 

115. Meteobological IifSTBUMEifTs. — The prin^ 
^ipal of these are the Thermometer, the Barometer, 
and the Rain Gage. The principle, construction, and 
uses of the Barometer, have already been pointed out> 
(Arts. 96 and 97.) Since it informs us of the changes 
that take place in the weight and pressure of the at* 
mosphere, at any given place, on which depend most 
of the changes of weather, it becomes of great aid in 
the study of Metewology, and has, in fact, led to the 
knowledge of most of the laws of atmospheric phe« 
Bomena hitherto established. We should, in pur- 
chasing, be careful to select an instrument of good 
workmanship, for no other is worthy of confidence. 
We should suspend it in some place where there is a 
free circulation of air — as in an open hall, having an 
outside door — and we should take the exact height of 
the mercury at the times directed below for recording 
the thermometrical observations. In case the barome- 
ter is falling or rising with unusual rapidity, observa 
tions should be recorded every hour, or even oftener 
as such observations aflbrd valuable means of com 
parison of the states of the atmosphere at difi^rem 
places. 

116. The Thermometer is an instrument used for 
measuring variations of temperature by its efiects on 
the height of a column of fluid. As heat expands and 
cold contracts all bodies, the amount of expansion or 
contraction in any given case, is made a cnterion of 



115. What are the three leading meteorological instniineatt 1 
Gfemt value cf the barometer. Koles for aelectiog a barometer aad 
for obeerviog. 

U6. For what ia the tiiermometeriuedl What ahowa the cliaag« 
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the change of temperatnre. Fahreoheit'f themome- 
ter, the one in oommon use, consuls of a small glaai 
tube, called the stem, with a bulb at one end, and ft 
scale at the side. The bulb and a certain part of the 
stem are filled with mercury. The scale is divided 
into degrees and aliquot |>arts of a degree. If we dip 
the thermometer into boiling water, the mercury will 
expand and rise in the stem to a certain height, and 
there remain stationary. We will, therefore, mark 
that point on the stem, and then transfer the thennome- 
ter to a vessel where water is freezing. The mercury 
now descends to a certain level, and remains there sta- 
tionary, as before. We mark this point, and we thus 
obtain the two most important fixed points on the scale, 
namely, the freezing and boiling points of water. We 
will now apply the scale, and transfer these marks from 
^ stem to the scale, and divide the part of the scale 
between them into 160 equal parts, continuing the same 
divisions below the freezing point 82 degrees, where 
we make the zero point, and there b^in the graduation 
from to 32, the freezing point, and so on 180 degrees 
more, to 212, the hoiUng point. 

The best times for making and recording observa- 
tions, are when the mercury is lowest, which occurs 
about sunrise, and when it is highest, which is near 
two o'clock in winter, and three in summer. The sum 
of these observations, divided by two, gives the aver- 
age, or mean, for the twenty-four hours ; the sum of 
the daily means for the days of a month, gives the mean 
for that month ; and the monthly averages, divided by 
twelve, give the annual mean. By such observationst 
any one may determine the temperature of the place 
where he resides. 

of temperature 1 Describe Fahrenheit's thermometer. How do we 
aacertam the boiling and freezing points of water 1 Intohow many 
deerees is the space between them divided *! "Where is the aero 
poMit, and at what degrees are the fireeang and boOing pttmtat 
How to find the daily, monthly, and annoal means 1 
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117. The climate of the United States is very va- 
riable, and the annual range of the thermometer is 
greater than in most other countries. It embraces 
140^, extending from 40° below zero, (usually marked 
—40°,) to 100° above. In the southern part of New 
England, the mercury seldom rises above 90,° and de- 
scends but a few times in the winter below zero. From 
70° to 60° is a moderate summer heat. Although the 
equatorial regions of the earth are, in general, hotter 
than places either north or south, yet we have seen 
that the temperature of a place depends on various 
other circumstances, as well as on the latitude. (Arts. 
82 and 107.) 

118. The Rain Gage is an instrument 
^g* ^ ' employed for ascertaining the amount of 
water that falls from the sky, in the various 
forms of rain, snow, and hail. The siin« 
plest form is a tall tin cylinder, with a fun- 
nel-shaped top, having a graduated glass 
tube communicating with the bottom, and 
rising on the side. The water will stand 
at the same level in the tube and in the cy- 
^linder, and the divisions of the tube may 
be such as to indicate minute parts of an 
inch, and thus determine the depth of rain that falls on 
the area of the funnel, suppose a square foot. After 
the rain is over, the water may be removed by means 
of the stop-cock, and the apparatus will be ready for 
a new observation. It is useful to know the amount 
of rain that falls annually at any given place, not only 
in reference to a knowledge of the climate, but also 
for many practical purposes to which water is applied, 




117. What is said of the climate of the United States 1 What 
is the annual range of the thermometer 1 In New England, what is 
the range 1 Wluit is a moderate summer heat 1 

USTw hat is the Rain Gage 1 Explain the simplest form. How 
to find the amount of rain fallen 1 Why is it useful to know the 
amount of rain that falls 1 
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such as feeding canals, turning maohineryi or irriga- 
ting land. 

Sec. 4. Of the ReJatums of the AiwiM]^ere to Fiery 
Meteors. 

119. The luminous phenomena which go under the 
general name of '* fiery meteors," are Thunder Storms, 
Aurora Borealis, and Shooting Stars. Sudden and 
violent showers of rain, in hot ^ /eather, are usually 
accompanied by thunder and lig ^tning. The light- 
ning is owinff to the sudden disouarge of electricity, 
and the thunder is ascribed to the rushing together of 
the opposite portions of air, that are divided by the 
passage of the electric current. The snapping of a 
whip depends on the same principle as a clap of thun- 
der. The lash divides the air, and the forcible meet- 
ing of the opposite parts to restore the equilibrium, 
produces the sound. Whenever hot vapor is rapidly 
condensed, a great amount of electricity is extricated. 
This accumuhites in the cloud, until it acquires force 
enough to leap from that to some other cloud, or to the 
earth, or to some object near it, and thus the explo- 
sion takes place. 

120. The Aurora BoreaHsy or Northern Lighten are 
most remarkable in the polar regicms, and are seldom 
or never seen in the torrid zone. They sometimes 
present merely the appearance of a twiSghl in the 
north; sometimes they shoot up in etreamerSf or ex- 
hibit a flickering light, called Merry Dancers; some- 
times they span the sky with luminous arches, or 
bands ; and moro rarely they form a circle with stream- 
US. What are the three varieties of fiery meteoTB 1 How . ia 

lightning produced 1 To what is thunder ascribed 1 How ezplam- 
ed by the snapping of a whip 1 Origin of the electricity of thun- 
der storms 1 When does an explosion take place 1 
lao. Aurora Borealis« where most remarkable 1 Specify the sev- 
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en radiating on all sides of it, a little southeast of the 
zenith, called the corona. The aurora borealis is not 
equally prevalent in all ages, but has particular periods 
of visitation, afier intervals of many years. It is 
more prevalent in the autumnal months than the other 
parts of the year, and usually is most striking in the 
earlier parts of the night, frequently kindling up with 
great splendor about 11 o'clock. From 1327 to 1842, 
inclusive, was a remarkable period of auroras. The 
cause of this phenomenon is not known ; it has been 
erroneously ascribed to electricity, or magnetism ; but 
it is probably derived from matter found in the plan- 
etary spaces, with which the earth falls in while it is 
revolving around the sun. 

121. ShooUng Stars are fire-balls which fall from 
the sky, appearing suddenly, moving with prodigious 
velocity, and as suddenly disappearing, sometimes 
leaving after them a long train of light. They are 
occasionally observed in great numbers, forming what 
are called Meteoric Showers, Two periods of the year 
are particularly remarkable fi>r these displays, namely, 
the 0th or 10th of August, and the 13th or 14th of 
November. The most celebrated of these showers 
occurred on the morning of the 13th of November, 
1833, when meteors of various sizes and degrees 
of splendor, descended with such frequency as to 
give the impression that the stars were all falling 
from the firmament. The exhibition was nearly 
equally brilliant in all parts of North America, and 
lasted from about 1 1 o'clock in the evening till sunrise. 
This phenomenon began to appear in some parts of 
the world, as eariy as November, 1830, and increased 



eral varieties, la it Equally prevalent in all ages 1 What was a re- 
markable period 1 Is its cause known 1 To what has it bcea a»- 
eribed 1 m what part of the year is it most freqaent 1 

121. What are shooting stars 1 What two penods of the year ate 
rtmukabie for their occnrrenoe 1 When did the greatest meteoric 
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ta tpleodor at the Mune period of the year, ererjr jranr, 
until 1833, when it reached its greatest hd^ht. It 
was repeated on a smaller soale, everjr year, until 
1838, since which time nothing remarkable has baen 
observed at this period* The meteoric shower of 
Angnst still (1843) continues. Meteoric showers ap. 
pear to rise from portions of a body resembling a 
comet, which revolves about the sun, and sometimes 
comes so near the earth that portions of it are attracted 
down to the earth, and are set on fire as they pass 
through the atmosphere. 



CHAPTER VI. 
ACOUSTICS. 

VDEATOET MOTION— ^VELOCnr OF SOUlf D— ESlLBZIOIf OV tOUlID— 
MVnCAL ■OUNIM — ^AOOUITIO TUBS*— «TITHOICOn. 

122. Acovsncs (a term derived from a Greek word 
which signifies to hear) is that branch of Natural Phu 
losaphy which treats of Sinmd. Sound is produced by 
the vibrations of the particles of a sounding body. 
These vibrations are communicated to the air, and 
by that to the ear, which is furnished with a curious 
apparatus specially adapted to receive them and con- 
vey them to the brain, and thus is excited the sen- 
sation of hearing. Vibration consists in a motion 
of the particles of a body, hackward and forujardf 
through an exceedingly minute space. The particles 
of air in contact with the body, receive a correspond- 
tiig motion, each particle impels one before it, and re- 

aiower occur 1 Describe Uiisflbower. Whence do meteoric Aow- 

fiTH llrifiC t 

122. Deitoe Aeonsties. How 'ib soimd prpdoced 1 In 1^{t does 
▼ibifciioa coii«a 1 Does it waply a laogreaave motion 1 Whatbo- 
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bounds, and thus the motion is propagated from parti- 
de to particle, from the sounding body to the ear. 
Such a vibratory motion of the medium, does not im- 
ply any current or progressive motion in the medium 
itself, but each particle recovers its original situation 
when the impulse that produced its vibration ceases. 
Elastic bodies being most susceptible of this vibratory 
motion, are those which are usually concerned in the 
production of sound. Such are thin pieces of board, 
as in the violin ; a steel spring, as in the Jewsharp ; a 
glass vessel, and cords closely stretched ; or a column 
of confined air, as in wind instruments. If we stretch 
a fine string between two fixed points, and draw it out 
of a straight line to A, and then let it go, it will pro- 
ceed to nearly the same distance on the other side, to 



Fig. 56. 






•-N^^ Br- 




E, whence it will return to B, and thus continue to 
vibrate through smaller and smaller spaces, until it 
comes to a state of rest. When we throw a stone 
upon a smooth surface of water, a circle is ra!ised im- 
mediately around the stone ; that raises another circle 
next to it, and this another beyond it, and thus the 
original impulse is transmitted on every side. This 
example may give some idea of the manner in which 
sound is propagated through the air in all directions 
from the sounding body. 

dies are moat susceptible of vibration 1 Give examples. Describe 
Fig. 56. What takes place when a stone is thrown on water % 
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123. Although air is the usual medium of sounds 
yet it is not the only medium. Solids and liquids^ 
when they ibrm a direct communication between the 
sounding body and the ear, conduct sound fiur better 
than air. When a tea-kettle is near boiling, if we 
apply one end of an iron poker to the kettle, and put 
the other end to the ear, we may perceive when the 
water begins to boil, long before it gives the usual signs. 
If we attaca a string to the head of a fire-shovel, and 
winding the ends around the fore fingers of both hands, 
apply them to the ears, and then ding the shovel 
against an andiron, or any similar object, a sound will 
be heard like that of a heavy bell. The ticking of a 
watch may be heard at the remote end of a long pole, 
or beam, when the ear is applied to the other end ; 
and if the watch is let down into water, its beats are 
distinctly heard by an ear placed at the surface. A 
bell struck beneath the water of a lake, has been 
heard at the distance of nine miles. Air is a better 
conductor of sound when moist than when dry. Thus, 
we hear a distant bell or a waterfall with unusual 
distinctness just before a rain, and better by night than 
by day. Air conducts sound better when condensed, 
and worse when rarefied. On the tops of some of the 
high mountains of the Alps, where the air is much 
rarefied, the sound of a pistol is like that of a pop-gim. 

124. The velocity of sound in air is 1130 feet in a 
second, or a little more than a mile in five seconds. 
On this principle, we may estimate the distance of a 
thunder-cloud, by the interval between the fiash and 
the report. For example, an interval of five seconds, 
gives 1130x5=5650 feet, or a little more than a mile. 
A feeble sound moves just as fast as a loud one. Its 



123. Is* air the only iDedinm of fiound 1 Conducting power of 
solids and Uqaids 1 Experiment with a tea-kettle — with a fire-shovel 
'with a watch. Gonoacting power of moist air 1 — Of rarefied air 1 

124. Velocity of sound. How to estimate the distance of a thunder 

11 
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Tdoehy is not altered by a high wind in a direction at 
right angles to the course of the wind ; but in the 
same direction, the comparatively small velocity of the 
wind is to be added, and in the opposite direction to be 
subtracted. In water, the velocity of sound is about 
four times as great as in air, being 4709 feet per 
second ; and in cast iron its velocity is more than ten 
times as great as in air, being no less than 11,895 feet 
per second. 

125. Sound is capable of being reflected, and is thus 
sometimes returned to the ear, forming an echo* Thus, 
the sound of the human voice is sometimes returned 
to the speaker, or other persons near him, in a repeti- 
tion usually somewhat feebler than the original sound ; 
but it may be louder than that, if several reflected 
waves are unitedly conveyed to the ear. When one 
stands in the centre of a hollow sphere or dome, 
numerous waves being reflected from the concave 
surface so as to meet in the centre, a sound originally 
feeble becomes so augmented as to be astounding. A 
cannon dischai^ed among hills or mountains, reverbe- 
rates in consequence of the repeated reflexions of the 
sound. 

126. A sound becomes mimcdl when the vibrations 
are performed with a certain degree of frequency. 
The slow flapping of the wings of a domestic fowl has 
nothing musical ; but the rapid vibration of the wings 
of a humming-bird, produces a pleasant note. The 
slow falling of trees before a high wind, is attended 
with a disagreeable crash ; the rapid prostration of the 
trees of a forest by a tornado, with a sublime roar. 
A string stretched between two points, and made to 

cloud 7 Velocity of a/eeUe sound— effect of a high wiod 1 Velocity 
of sound in water 1 

125. Echo, how prodoced— when louder than the origiDal sound 1 
Effect of a dome— of a cannon amone hiils 1 

198. How a sound becomes musical 1— examples in the wings of 
biMb-4n faDiBg trees— in a vibrating string. How does increasing 
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▼ibrate very slowly, has nothing musical ; but whan 
the tension is increased, and the vibrations quickenedy 
the note grows melodious. The strings of a violin 
give di^rent sounds in consequence of afibrding vibra- 
tions more or less rapid. The larger stringSy having 
slower vibrations, afiord graver notes. The screws 
enable us to alter the degree of tension, and thus to 
increase or diminish the number of vibrations at plea* 
sure ; and by applying the fingers to the strings, we 
caa shorten them more or less, producing sounds more 
or less acute, by increasing the number of vibrations 
in a given time. In wind instruments, as the flute, the 
vibrating body which produces the musical tone is the 
column of air included within. This, bv the impulse 
given by the mouth, is made to vibrate with the requisite 
frequency, which is varied by opening or closing tlie 
stops with the fingers. The shorter the column, the 
more rapid is the vibration, and the more acute the 
sound ; and the length of the vibrating column is 
determined by the place of the stop that is opened, the 
higher stops giving sharper sounds because the vibrating 
columns are shorter. The pipes of an organ sound on 
a similar principle, the wind being supplied by a bellows 
instead of the breath. In certain instruments, as the 
clarinet and hautboy, the vibrations are first commu- 
nicated from the lips of the performer to a reed, and 
from that to the colunrn of air. 

127. Sounds differing from each other by certain 
intervals, constitute musical notes. The singing of 
Mrds afibrds sweet sounds but no music, being uttered 
conUnuously and not at intervals. Man only, among 
animals, has the power of uttering sounds in this man** 

the tension, the uze^ or the length of the string, aflect the pitch 1 
Example in the vtohn. What produces the musical tone in wind 
ttstraments 1 Why does openmg or closing the stops, alter the 
pitch 1 Explain the use of a reed. ... 

127. Wbat sounds constitute musical notes'! Why is not the sui|^ 
tng of birds raosic 1 Why is man alone capable of iRteiiag muncal 



JU NATURAL PHILOSOPHY. 

ner ; and his voice alone, therefore, is endued with 
the power of music. Music becomes a branch of 
mathematical science, in consequence of the relation 
between musical notes, and the number of vibrations 
that produce them respectively. Although we cannot 
say that one sound is larger than another, yet we can 
say that the vibrations necessary to produce one sound 
are twice or thrice, or any number of times, more 
frequent than those of another ; and the number of 
vibrations necessary to produce one note has a fixed 
ratio to the number which produces another note. 
Thus, if we diminish the length of a musical string one 
half, we double the number of vibrations in a given 
time, and it gives a sound eight notes higher in the 
scale than that given by the whole string, and is called 
an octave. Hence, these sounds are said to be to each 
other in the ratio of 2 to 1, because this is the ratio of 
the numbers of vibrations which produce them. A 
succession of single musical sounds constitutes melody; 
the combination of such sounds, at proper intervals, 
forms chords; and a succession of chords, produces 
harmony. Two notes formed by an equal number of 
vibrations in a given time, and of course giving the 
same sound, are said to be in unison. The relation 
between a note and its octave is, next after that of the 
unison, the most perfect in nature ; and when the two 
notes are sounded at the same time, they almost entirely 
unite. Chords are produced by frequent coincidences 
of vibrationy while in discords such coincidences are 
more rare. Thus, in the unison, the vibrations are 
exactly coincident ; in the octave, the two coincide 
at the end of every vibration of the longer string, 
the shorter meanwhile performing just two vibra- 
tions ; but in the second, the vibrations of the two 

sounds 1 How does music become a branch of mathematical 
science 1 Example in a musical string. Define melody, chords, 
hannony, unisdn. How are chords produced 1 How discords 1 
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strings coincide only after eight of one string and nine 
of the other, and the result is a h^rsh discoid. 

128. When an impulse is given to air contained in 
an open tuhe, the vibrations coalesce, and are propa- 
gated farther than when similar impulses are made 
on the open air. Hence the increase of sound effect- 
ed by horns and trumpets, and especially by the speak- 
ing trumpet. Alexander the Great is said to have 
hail a horn, by means of which he could give orders 
to his whole army at once. Acoustic Tubes are em- 
ployed for communicating between different parts of 
a large establishment, as a hotel, or manufactory, by 
the aid of which, whatever is spoken at one extremity is 
heard distinctly at the other, however remote. They 
are usually made of tin, being trumpet-shaped at each 
end. They act on the same principle as the speaking 
trumpet. The Stethoscope is an instrument used by 
physicians, to detect and examine diseases of the lungs 
and the heart. It consists of a small pipe of wood or 
ivory with funnel-shaped mouths, one of which is ap- 
plied firmly to the part affected and the other to the 
ear. By this means the processes that are going on 
in the organs of respiration, and in the large blood- 
vessels about the heart, may be distinctly heard. 

128. Explain the eflect of horns and trumpets. Use of Acoustic 
Tubes. How madel Explain the construction and use of the 
Stethoscope. 

11* 



CHAPTER VII. 

ELECTRICITY* 

PBFIMinONI— CONDUCTORS AND NON-CONDUCTORS — ATnULCTJOKB 
AND RSrULSION^-^BLKCTRICAL If ACHINK8 — ^LBTDEN JAR — KI^O- 
TRICAL UORT AND HEAT — THUNDER STORMS — ^UOHTNINQ RODS 
— ^EFFECTS OF BLRCTRICITT ON ANIMALS. 

129. More than two thousand years ago, Theo* 
phrastus, a Greek naturalist, wrote of a substance we 
call amber, which, when rubbed, has the property of 
attracting light bodies. The Greek naroe of amber 
was eleclrarij (r{kBxr^ov,) whence the science was de- 
nominated ELECTRICITY. The Inconsiderable experi. 
ment mentioned by Theophrastus, was nearly all that 
the ancients knew of this mysterious agent ; but for 
two or tnree centuries past, new properties have been 
successively discovered, and new modes of accumu- 
lating it devised, until it has become one of the most 
important and interesting departments of natural sci- 
ence. It is common to call this power, whatever it 
is, the electric fluid, although it is of too subtile a 
nature for us to show it, as we do air, and prove that 
it possesses the properties of ordinary matter. But as 
it is more like an elastic fluid of extreme rarity, than 
like any thing else we are acquainted with, it is con- 
venient to denominate it a fluid, although we know very 
little of its nature. 

130. Some bodies permit the electric fluid to pass 
freely through them, and are hence, called conductors ; 
others hardly permit it to pass through them at all, and 

* The ezperimentt in this chapter are so rimple, and require 00 little appa- 
latna, that It is hoped the learner will generally have the advantage of wit- 
nessing them, which will add much more than mere description to his im- 
provement and gratification. 

129. Explain the name electricity. What did the ancients linow 
of this science 1 Its pro^cress within two hundred years 1 Why is 
electricity called a fluid 1 

130, Define condacton and non-conductors. Give examples of 
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mre tberefbte called non^ctmdueton. Metals are the 
best coiiductojrs ; next, water and all mdst substances ; 
and next, the bodies of animals. Glass, resinous sub- 
stances, as amber, Yamish, and sealing wax ; air, silk, 
wool, cotton, hair, and feathers, are non^eondueiora. 
Wood, stcmes, and earth, hold an intermediate place : 
they are bad conductors when dry, but much better 
when moist; and air itself has its non-conducting 
power greatly impaired by the presence of moisture. 
Electricity is excited by friction. If I rub the side of 
a dry glass tumbler, or a lamp chimney, on my coat 
sleeve, the electricity excited will manifest itself by 
attracting such light substances as bits of paper, cot- 
ton, or down. A stick of sealing-wax, when rubbed, 
exhibits similar effects. When an electrified body is 
supported by non-conductors so that its electricity can- 
not escape, it is said to be insulated. Thus, a lock of 
cotton suspended by a silk thread is insulated, because 
if electricity be imparted to the cotton, it remains, 
since it cannot make its escape either through the 
thread, or through the air, both being non-conductors. 
A brass ball supported by a pillar of glass is insulated ; 
but when supported on a pillar of iron or any other 
metal, it is uninsulated, since the electricity does not 
remain in the ball, but readily makes its escape through 
the metallic support By knowing how to avail our- 
selves of the conducting properties of some substances, 
and the non-conducting properties of other substances, 
we can either confine, or ccmvey off the electric fluid 
at pleasure. 

131. There are a number of difierent classes of 
phenomena which electricity exhibits; as attraction 
and repulsion — ^heat and light — shocks of the animal 
system — and mechanical violence. These will sue- 



csich. How is ooadiicting power afiiBeled by moisture 1 How is 
electricity excited 1 When is a body iosulftted 1 Give exauiplet 
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oessively claim our attention ; but as the properties of 
electricity were first discovered by experiment, so it 
is by experiments, chiefly, that they are still to be 
learned. We will therefore describe, first, a few sucb 
experiments as every one may perform for himself, 
and aflerwards such as require the aid of an electrical 
machine. 

Sec. 1. Of Electrical Attractions and Repulsions, 

132. For a few simple experiments, we will stretch a 
wire horizontally between the opposite walls of a room, 
or between any two convenient points, as represented 
in figure 57. This will afibrd a convenient support 

Fig. 57. 




for electroscopes, as those contrivances are called, which 
are used for detecting the presence and examining the 
properties of electricity. A downy feather, a lock of 
cotton, or pith-balls,* are severally convenient substan- 
ces for electroscopes. To one of these, say a pith- 
ball, we will tie a fine linen thread, about nine inches 
long, and suspend it from the wire, as at a. By 
slightly wetting the thumb and finger and drawing the 

* The pith of elder, of com atalk, or of dry italkfl of tbe artichoke, is rait- 
•Ue for this parpoae. 

131. What different claBses of phenomena does electricity exhib- 
it 1 Use of experiments. 
IS2. Describe the apparatus m Fig. ST. How is the tube excited 1 
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Vbitekd thttmgfa them, it becomes a good oondito(ot^ tod 
the electroscope is therefore uninsulated. We will 
now take a thick glass tube and rub it with A piece of 
nlk, (or a dry isilk handkerchief,) by which means the 
tube will be excited, and on approaching it towards 
tile electroscope, the pith-ball will be attracted towards 
it, as at ft, and may be led in any direction by shifting 
the position of the tube ; or if the tube be brought 
nearer, the ball will stick fast to it. We will next 
suspend two other balls, c and d, by silk threads, in 
which case they will be insulated. If we now ap- 
proach the excited tube, the balls will first be attracted 
to it, but as soon as they touch it, they will fly off, and 
the tube when again brought towards them will no 
longer attract but will repel them, and they will mu- 
tually repel each other as in the figure ; and if the 
lock of threads, e, be electrified, they will also repel 
each other. A stick of sealing-wax excited and ap- 
plied to the electroscopes will produce similar effects. 
But if we first electrify the ball with glass, and then 
bring near it the sealing-wax, previously excited, it will 
not repel the ball, as the excited tube does, but will first 
attract it as though it were unelectrified, and then re- 
pel it ; and now the excited glass tube will attract it. 
Hence it appears that the glass and the sealing-wax, 
when excited, produce opposite effects : what one at- 
tracts the other repels. Each repels its own, but 
attracts the opposite. Glass repels a body electrified 
by itself, but attracts a body electrified by sealing-wax ; 
and sealing-wax repels a body electrified by itself, but 
attracts a body electrified by glass. In the figure, h 
represents two balls differently electrified, one by glass 
and the other by sealing-wax, and therefore attracting 
each other. This fact has led to the conclusion, that 



Effect when applied to the mniunlated baU-4o the insulated ball»->to 
the threads. Describe the effects when sealing-wax is nsed^whenthe 
balls are differently ^tctnGtd. What arie the two kinds of electricity 1 
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there are two kmdt of eleetridfy; one excited by glaag 
and a number of bodies of the same class, called the 
vitreous electricity, and the other excited by sealing- 
wax and other bodies equally numerous, of the same 
class with it, called the resinous electricity. Vitreous 
electricity is sometimes called positive, and resinous 
electricity negative, 

133. The foregoing cases of electrical attractions 
and repulsions constitute important laws of electrical 
action, and are to be treasured up in the memory in the 
following propositions : 

Furst. An electrified body attracts all unelectrified 
matter. 

Secondly. Bodies electrified similarly, that is, both 
positively or both negatively, repel each other. 

Thirdly. Bodies electrified difierently, that is, one 
positively and the other negatively, attract each other. 

Fourthly. The force of attraction or repulsion is m- 
versely as the square of the distance ; . that is, when two 
balls are electrified, the one positively and the other 
negatively, the force of attraction increases rapidly as 
they draw near to each other, being four times as great 
when twice as near, and a hundred times as great when 
ten times as near. Repulsion follows the same law ; 
that is, when two balls are similarly electrified, it re- 
quires four times the force to bring them twice as near 
to each other, and a hundred times the force to bring 
them ten times as near as before. 

Sbc. 2. Of Electrical Apparatus. 

184* Electrical machines affi)rd the means of accu- 
mulating the electric fluid, so as to render its efiects 
&r more stnking and powerful than they appear in the 
simple experiments already recited. The cylinder 



State the four laws of electrical attraction and repulsion 
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mftoluiM is represented ia Fig. S8. Its piinoip*! 
parts are the cjrUiider, the frame, tbe rubber, knd the 



prime ccmduotor. The cylinder (A) is of glass, from 
eight to twelve inches in diameter, and from twelve 
to eighteen inches long. The frame (B B) 1s made 
of hard wood, dried and varnished. The rubber ^C) 
consists of a leathern cushion, stufied with hair like 
the pad of a saddle. This ia covered with a black silk 
cloth, having a flap, which extends from the cushion 
over the top of the cylinder to the distance of an 
inch from the points of the prime conductor, to be 
mentioned presently. The rubber is coated with an 
amalgam, composed of quicksilver, zinc, and tin, which 
preparation has been found by experience to produce 

IB4. Deaciibe Ihe electrical machine— the cylinder— the ftMHe 
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at b%h degree of electrical excitement, wh^ subjected 
to the frkAion of glass. The prime conductor (D) is 
usually a hollow cylinder of brass or tin, with rounded 
ends. It b mounted on a solid glass pillar^ (a junk- 
bottle with a long neck will answer,) with a broad and 
heavy foot made of wood to keep it steady. The cyl- 
inder is perforated with small holes, for the reception 
of wires (c) with brass knobs. It is important in an 
electrical machine, that the work should be smooth 
and free from points and sharp edges, since these have 
a tendency to dissipate the fluid, as will be more fully 
understood hereafler. For a similar reason, the ma- 
chine should be kept free from dust, the particles of 
which act as points, and dissipate the electricity. 

135. By the friction of the glass cylinder against 
the rubber, electricity is produced, which is received 
by the points, and thus didused over the surface of the 
prime conductor, and may be drawn from it by the 
knuckle, or any conducting substance. In order to 
indicate the degree of excitement in the prime con- 
ductor, the Quadrant Electrometer is attached to it, as 
is represented at E, Fig. 58. This electrometer is 
formed of » semicircle, usually of ivory, divided into 
degrees and minutes, from to 180. The index con- 
sists of a straw, moving on the center of the disk, and 
carrying at the other extremity a small pith-ball. The 
perpenoicular support is a pillar of brass, or some con- 
ducting substance. When this instrument is in a per- 
pendicular position, and not electrified, the index han^ 
by the side of the pillar, perpendiculariy to the hori- 
zon; but when the prime conductor is electrified, it 
imparts the same kind of electricity to the index, re- 
pels it, and causes it to rise on the scale towards ad 
angle of dO degrees, whioh point indicates a full charge. 



Itt. H€fw !■ the elecirieUy produced 1 Deaeribetbeqiiadraiilslee- 
tiometer, and ihow how it indicates the degree of the ohai^ 
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186. Let U0 now try m lew experiments. If wis 
turn the machine one or two rounds, the prime ooo* 
ductor ygjll be charged, and the quadrant electrometer 
will remain fixed at 00 degrees. We will fint exam* 
ine the conducting powers of different bodies. A glass 
tube held in the hand and applied to the prime eon* 
ductor will not cause the index of the electrometer to 
fidl, because glass is a non>conductor of electricity ; 
but an iron rod thus applied, will cause the index to 
fall instantly, iron being a good conductor, and permit* 
ting the fluid readily to escape first to my hand, and 
through my person to the floor, and finally to the earth. 
On applying a knuckle to the prime conductor, we 
find, in the same manner, that the animal system is a 
good conductor, as the fluid is instantly discharged and 
the index falls. On the other hand, a piece of sealing* 
wax will not aflect the index, and is therefore a non- 
conductor. So, if we hold a lock of cotton by a silk 
thread it will scarcely affect the electrometer, while if 
held by a linen thread, the fluid will be drawn off and 
the index will fall. It is very useful for the learner 
to try in this way the conducting powers of a great 
variety of bodies. Some he will find to affect the 
electrometer very little, and he will thus know them 
to be non-conductors ; others will instantly cause it 
to fall, and are known as good conductors. Others 
will cause the index to descend gradually, and are of 
course imperfect conductors. These last, on being 
moistened with the breath or wet with water, will in- 
dicate an increase of conducting power. A long stick 
of wood, as a broom-handle, will be found to conduct 
with less power than a short stick of the same, and a 
large thread will conduct better than a small one. 



laB. EzperiineiitsoiiUie copdacliiig powewpf bodieMjl 
—the knuckle—fiealing-wax— a slkUiread. State the efiect of eMb 
of thcBC. What is the effect on oondactiiu; power prodttceA by 
moiBtoze— by 'maeuasuL the length or axe ora baa condaetor 1 
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Thus all the dlfierent circumstances afiecting the con- 
ducting power, may he ascertained ; and upon the 
knowledge of these relative powers, depends the art 
of managing the electric fluid, whether in the form of 
common electricity or in that of lightning. 

137. The laws of attraction and repulsion may he 
verified hy the aid of an electrical machine, much 
more strikingly than by the simple apparatus men- 
tioned in Articles 132 and 133. If we hang a lock of 
hair to the prime conductor, on turning the machine 
the hairs will recede violently from each other, be- 
cause bodies similarly electrified repel each other. 
By placing light bodies, as paper images, locks of cot- 
ton, or light feathers, between one plate connected with 
the prime conductor and another which is uninsulated, 
as is represented in figure 59, (the upper plate being 

hung to tl)e prime conductor,) 
the electrical dance may be per- 
formed. The images will first 
be attracted to the upper plate, 
but instantly imbibing the same 
electricity, they will be repelled 
by the upper and attracted by 
the lower plate ; on descending 
to the latter, they will give up 
their charge and return again 
to the upper plate to repeat the 
process, thus performing a kind 
of dance, which when performed 
by little images of men and 
women, is oflen very amusing. 
Most electrical machines are furnished with a variety 
of apparatus for illustrating the principles of electrical 
attractions and repulsions, such as a chime of bells, 
the electrical horse-race, the electrical wind-mill, and 



Fig. 59. 




187. Effect when p ^^^ck of hair is hung to the prime conductor ^ 
How is the electrical dance perforated 1 
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tiie like ; but these must be seen in order to be fiiUy 
understood, and therefore their exhibition b left to the 
instructor. 

138. The Leyden Jar is a piece of ap- 
paratus used for accumulating a large Fig. 60. 
quantity of electricity. It consists of a 
glass jar coated on both sides with tin foil, 
except a space on the upper end, within 
two or three inches of the top, which is either 
left bare, or is covered with a coating of var- 
nish, or a thin layer of sealing wax. To 
the mouth of the jar is fitted a cover of hard 
baked wood, through the center of which 
passes a perpendicular wire, terminating 
above in a knob, and below in a fine chain 
that rests on the bottom of the jar. On presenting the 
knob of the jar near the prime conductor of an elec* 
trical machine, while the latter is in operation, a series 
of sparks pass between the conductor and the jar, 
which will gradually become more and more feeble, 
until they cease altogether. The jar is then said to 
be charged. If we now take the du- 
charging rod, (which is a bent wire, Tig. 61. 
armed at both ends with knobs, and in-^ 
sulated by a glass handle, as 
61,) and apply one of the knobs 
outer coating and bring the otl 
the knob of the jar, a flash of intense ^SC 

brightness, accompanied by a loud re- J\ 

port, immediately ensues. If, instead / I 

of the discharging rod, we apply one { I 

hand to the outside of the charged jar, \J 

and bring a knuckle of the other hand to the knob of 
the jar, a sudden and surprising shock is felt, convul- 



_ — _ , ^ 

s, and in-^ ^^ 

in figure V Sr 

}bs to the ^\^ yy 
other to ^^C"^!^^ 



138. Define the Iieydeii Jar— describe it^how J0 it charged 1 
How discharged 1 tiow is the shockutaken 1 
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sing the anns, and when sufficiently powerful| pMBU^ 
through the breast. 

139. The outside and the inside of a Leyden Jar ^ra 
always found in opposite states ; that is, if to the knob 
oonnected with the inside we have imparted positive 
electricity, (as in the mode of charging already de- 
scribed,) then the outside will be electrified in the same 
degree with negative or resinous electricity. Every, 
spark of one sort of fluid that enters into the jar, drives 
<m a spark of the same kind from the outside, and 
leaves that in the opposite state. And if the jar is in- 
sulated, (as when it stands on a glass support,) so that 
the electricity cannot pass from the outer coating, then 
it wUl take no charge. We may charge a jar nega- 
tively instead of positively, by grasping hold of the 
knob and presenting the outside to the prime conductor. 
The positive electricity that enters the outer coaUng, 
drives olT an equal quantity of the same kind from the 
inside, which escapes through the body of the operator 
and leaves the inner coating negative. When the jar 
is thus charged, we must be careful to set it down on 
a glass support before withdrawing the hand ; for if 
we place it on the table, which is a conductor, the elec- 
tricity will immediately rush from the outside to the 
inside, through the table, floor, and body of the opera- 
tor, and he will receive a shock. But if he sets the 
jar oq a non-conducting support, no such communica- 
tion will be formed between the two sides of the jar, 
and consequently it will not discharge itself. 

The Slectricai Spider forms a pleasing illu^tratioQ 
of the diflerent states of two jars, one charged posi- 
tively and the other negatively. It is contrived as fol- 
lows : Take a bit of cork and ibrip a small ball of the 
size of a pea, for the body of the spidey. With a 
needle, pass a fine black thread bacRward and for-^ 

180. In what state are the two sides of a charged, jar 1 How may 
wr charge a jar aegatively 1 why is it htttaBaxyt to set it dowa^ on an 




u«7raiGiTr- 19V 

ward thiDUgh tfae ri<lea of the cork) lotting the thmMfa 

pitvect from it half or threo fburtha of an isoh on th* 

vpfismitB aides, to form tbe 

legs. Now suspend it from FSg 69. 

the center of the body by 

a fine alk thread, between 

two JBTS, oae charged post. 

tirely and the other nega- 

lirdiy, and placed on a table, 

aa is repreaented in figure 

62. The spider will first 

be attracted to tbe knob of 

the nearest jar, will imbibe ■ 

the same electricity, be re- 

Elled, and attracted to the 
ob of the other jar, from ' __^ 

which again it will be repelled, and so will oontinuv 
to vibrate back and forth between the two jars, until it 
has restored the equilibrium between them by slowly 
conveying to the inside of each jar the electricity of 
the inner coating of the other. 

Painted conductors have a remark- F«- 63. 

able power of drawing off and dis- 
sipating the electric fluid when it 
has accumulated. If we apply 
one hand to the outer coating of a 
charged jar, and with the other bring 
a needle towards the knob, it will 
silently draw off all the charge, _ 
without giving any shock. And if," 
vrhite we are charging a jar with the I 
machine, we direct a pointed wire 
or a needle towards the machine, eren at a much greater 
distance from it than the knob of the jar, the fluid will 



Tibratefroi 



186 MATUBAL FHILOSOPHY. 

pass into the needle in preference to the jar. All 
apparatus, therefore, for confining electricity, requires 
to be free from sharp lines and points, and to terminate 
in round smooth surfaces. 

Sec. 3. Of EUcirical IdgU and Heat. 

140. Electrical Light appears whenever the fluid is 
discharged in considerable quantities through a resist- 
ing medium. When electricity flows freely through 
good conductors, it exhibits neither light nor heat ; but 
if such conductors sufier any interruption, as in pass- 
ing through a small space of air, or even through an 
imperfect conductor, then light becomes manifest. We 
will suppose the experiment to be performed in a dark 
room, or in the evening, in a room very feebly lighted. 
A glass tube, rubbed with black silk, coated with a 
little electrical amalgam, will afibrd numerous sparks, 
with a slight crackling noise. A chain, hung to the 
prime conductor of a machine, will show a bright 
spark at every link. If we attach one end of the 
chain to the prime conductor, and hold the other 
end suspended by a glass tube, brushes or pencils 
of light will issue from various points along the 
chain. The spark seen in discharging the Leyden 
Jar, as in Article 138, is very intense and dazading. 

Fig. 64. 
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Figure 64 represents a glass cylinder, armed at each 
end with brass balls, and wound round, spirally, with 
a narrow strip of tin foil. At short intervals, small 
portions of the tin foil are cut out, so as to interrupt 



140. When doei electrical light appear 1 When does tleetnatf 
exhibit neither light nor heat 1 Experiment with a g^Uos tobe— a 
chaiB--a aponl tube 1 How may iunminated words be saaide to 
appear 1 
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the circuit. Whenever a spark is passed through this 
apparatus, it appears beautifully luminous at every 
interruption in the tin foil. Words or figures of any 
kind may be very finely exhibited by coating a plate 
of glass with a strip of tin foil in a zigzag line, from 
one comer to the opposite comer, diagonally. Then 
with the point of a knife, small portions of the tin foil 
are nicked out in such a manner that the spaces 
thus left bare shall tc^ether constitute some word, as 
Washington. The spark, in passing through the tin 
foil, will meet with resistance at all the places where 
the metal has been removed, and will there exhibit a 
bright light. Thus an illuminated word will appear 
at every spark received from the machine. If the 
machine is not sufficiently powerful to afford a spark 
strong enough to overcome the resistance occasioned 
by so many non-conducting spaces, then the illu- 
minated word may be made to appear with great 
splendor, by making the plate form a part of the cir- 
cuit between the inside and the outside of a charged 
Leyden Jar. 

141. By means of the BeUtery, far more brilliant 
experiments may be performed than with a single jar. 
The Battery consists of a number of jars, twelve, for 
instance, so combined that the whole may be either 
charged or discharged at once. Large Leyden Jars, 
placed side by side in a box, standing on tin foil, which 
forms a conducting communication between the outer 
coatings, while the inner coatings are also in commu- 
nication by a system of wires and knobs, answer the 
same purpose as a single jar of enormous size, and are 
far more convenient. When the battery is charged, 
and a chain is made to form a part of the circuit 
between the outside and inside, on discharging it, the 
whole chain is most brilliantly illuminated. Rough 

141. The Battery-— of what does it cooaat 1 Describe It. How is 
a chain illaminated by the battery 1 Great power of some ' 
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IMitai^g rods sometimes present a similar a:PpcMmQoe 
TOSB struok during a thunder storm. Batteries are 
mmetimes made of sufficient power to kill small anioials, 
and even men. 

142. Hcaiy as well as l^ht, attends the eleotrie spark, 
although, except when the discharge is very powerful, 
as in the case of the battery, or of lightning, it is but 
feeble, sufficient to set on fire only the most inflammable 
substances. Alcohol and ether, two very inflammable 
liquids, may be flred by the spark, a candle may be 
lighted, and gunpowder exploded. It is, however, 
difficult to set powder on fire by electricity, unless &e 
spark is very strong. 

143. The electnc spark passes much more easily 
through rarefied air, than through air in its ordinary 
state. Thus, a spark which would not strike through 
the air more than four or five inches, will pass through 
an exhausted glass tube, four feet or more in length, 
filling all the interior with a soft and flickering light, 
somewhat resembling the Aurora Borealis. Hence, that 
phenomenon has been ascribed by some to electricity, 
though this is probably not its true explanation. 

144. In Thunder Storms^ we see electricity exhibited 
in a state of accumulation far beyond what we can 
create by our machines, and producing eflects propor- 
tionally more energetic. A cloud presents a conductor 
insulated by the surrounding air, in which, in hot 
weather, electricity collects and accumulates as it 
would upon a prime conductor of immense size. By 
sending up a kite armed with points, electricity may 
be drawn from such clouds, and made to descend by 
a wire wound round the string of the kite. We 



142. Does heat attend electricity 1 Give examples of bodies fired 

lA How does the spark pass through rarefied air 1 Ej^lainthe 

sppearance of the Auroral tube. .. ^. . ^ . * , v 
Til How is electricity exhibited m thunder storms 1 .Analogy be- 
twSSi a dood and a prime conductor. How may hghtnmg be drawn 
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ttny «MEly direct it upon a prime Gcmduetof, &tc^Tgb 
a Leyden Jar with it, and examine its properties as we 
fthoiald do in the case of ordinary electricity. By such 
experiments, it is found that the clouds are sometimes 
positively aind sometimes negatively electrified. In 
thunder storms, the lightning is usually nothing more 
timn the electric spark passing from one cloud to an- 
other dfflerently electrified, as it passes between the 
out^ tod inner coating of the Leyden Jar. The flash 
appears in the form of a line, because it passes so 
swiftly, just as a stick, lighted at the end and whirled 
in the air, foims a circle of light. The motion of the 
electric fluid is, to all appearance, instantaneous. 
Thunder is the report occasioned by the rushing to^ 
gether of the air, after it has been divided by the pas- 
sage of the lightning. The cracking of a whip, as al- 
ready mentioned, is ascribed to the same cause. The 
lash divides the air into two parts, which forcibly rudi 
together and occasion the sound. When a thunder^^ 
dap is very near us, the report follows the flash almost 
instantly, and such claps are dangerous. In all cases, 
thfe lightning and the thunder actually occur at the 
same moment, but when the discharge is at some dis* 
tance from us, the report is not heard till some time 
after the flash ; for the light reaches the eye instanta- 
neously, but the sound travels with comparative slow*, 
ness, moving only about a mile in five seconds. We 
may, therefore, always know nearly how distant a 
thunder cloud is, by counting the number of seconds 
between the flash and the report, and allowing the fifth 
of a mile (or, more accurately, 1,180 feet) to a second. 
(See Art. 124.) 

145. Sometimes lightning, instead of pasnng from 
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cloud to cloud, discharges itself into the earth, and 
tiien strikes objects that come in its route, as houses, 
trees, animals, and sometimes man. As electricity 
always selects, in its passage, the best conductors, Dr. 
Franklin first suggested the idea of protecting our 
dwellings by means of Idghimng Rods. If these are 
properly constructed, the lightning will always take its 
passage through them in preference to any part of the 
house, and thus they will afford complete protection to 
the family. Sharp metallic points were observed by 
Dr. Franklin to have great power to discharge elec- 
tricity from either a prime conductor or a Leyden Jdir, 
and this suggested their use in lightning-rods. Metals, 
also, being the best conductors of electricity, would 
obviously afford the most proper material for the body 
of the rod. 

There are three or four conditions in the ccmstruc- 
tion and application of a lightning-rod, which are es- 
sential to insure complete protection. The rod must 
not be less than three-fourths of an inch in diameter- 
it must be continuous throughout, and not interrupted 
by loose joints — ^it must terminate above in one or more 
sharp points of some metal, as silver, gold, or platina, 
not liable to rust — ^it must enter the ground to the depth 
of permanent moisture, which will be different in dif- 
ferent soils, but usually not less than six feet. A rod 
thus constructed will generally protect a space every 
way equal to twice its height above the ridge of the 
house. Thus, if it rises fifteen feet above the ridge, it 
will protect a space every way from it of thirty feet. 
It is usually best to apply the rod to the chimney of 
the house ; or, if there are several chimneys, it is best 
to select one as central as possible. The kitchen 



145. What happens when hghtning strikes to the earth 1 lightning- 
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oUmney, being usualty the onljr one in which firea ure 
maintained during the season of thunder stonns, ro- 
4]uires to be specially protected, since a oolumn of 
smoke rising from a chimney is apt to determine Uie 
course of the lightning in that direction. If, therefore, 
the lightning-rod is attached to some other chimney of 
the bouse, either a branch should proceed fnun it up 
the kitchen chimney, or this should have a separate 
rod. As lightning, in ita passage from a cloud to the 
earth, selects tall pointed objects, it oflen strilces trees, 
and it is, therefore, never safe to take shelter under trees 
during a thunder storm. Persons struck down by light- 
ning are sometimes recovered by clashing on repeated 
but^Lds of water. 

Sec. 4. Of&e Effect* of EleetrieO;/ m Animah. 

146. When we apply a If' ^ 

knuckle to the prime c<»iiii>ni. 
or of an electrical ma< 
and receive the spark, a 
and somewhat painful i 
tion is felt. If we receii 
charge of a Leyden J 
^wck is experienced wh 
more or less severe, ai 
ing to the size and powi 
the jar. A battery gi 
shock still more severe 
it may be even dang 
Lightning, it is well known, 

sometimes prostrates and kills men and animals. A 
twQvenient method of taking the thock, is to charge a 

nid of the kitchen chimney 1 May wc fkt ihellei under tiea 1 
How to restore people itTuck by lightning t , .,„ 

146. aeuntion tolh* knockle— ^BectioTaju^-oraluneiv. Whmt 
ii a convenient mode oT.tdung the shock 1 BenntioDB produced h- 
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qaMt jar, plsoe it on a Ubie, and graspin? ia each hand 
* mMallio rod, apply one rod to the outside of the Jar, 
Btid touch the other to the knob connected with the in- 
aide. If the charge is feeble, it will be felt only in the 
fefniB ; if it ia stroDger, it will be felt in the breast ; 
Uid ft may be sufficiently powerful to coDTulse the 
wb(4e frame. Any number of persona may, by taking 
hold of hands, all receive the shock at the same instant. 
The first must touch the outside, and the last the knob 
of die jar. Whole r^ments have been electrified at 
once in this way. 

147. Electricity ia sontetimes employed tne^cmaUg, 
Ud la thought to afibrd relief in various diseases. It 
may be applied either to the whole system at once, or 
to any individual part, by making that part form a por- 
tion itf ^ eommunieation between the inside and the 
ouisideof a jar. Or the 
Tig. 66. fluid may be taken in a 

milder form by means 
of the Eletirieal Stool. 
This is a small stool, 
resting on glass feet. 
The patient stands or 
sits on the stool, and 
holds a chain eonneot- 
ed with the prime con- 
ductor, while the ma- 
chine is turned. This 
produces an agreeable 
excitement over the 
whole system : the hair stands on end ; sparks may 
be taken from all parte of the person, as from a prime 
eoBduotOT ; and the patient may oommunicate a slight 

afcAleehMp'-l7»'¥^?-l'i:»P"»*'*''J,e*>«B«'' How may 
Ifl How * "Wiiwty ewp'^*'' mMUcwaUjl How by meuu 
tfbttlMlMalAwll 
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shock to any <Hie that comes near hiniy or may set Oft 
fire ether and other inflammable substances, by merely 
touching them with a rod, or pointing toward them. 

148. Seveml fiahes have remarkable electrical pow« 
ers. Such are the Torpedo, the Gymnotus, and the 
Silurus. The Gymnotus, or Surinam eel, is found in 
the rivers of South America. Its ordinary length is 
from three to four feet ; but it is said to be sometimes 
twenty feet long, and to give a shock that is instantly 
fatal. Thus, it paralyzes fishes, which serve as its 
food, and in the same manner it disables its enemies 
and escapes from them. By successive efibrts, elec* 
trical fishes exhaust themselves. In South America, the 
natives have a method of taking them, by driving wild 
horses into a lake where they abound. Some of the 
eels are very large, and capable of giving shocks so 
powerful as to disable the horses ; but the eels them- 
selves are so much exhausted by the process, as to be 
easily taken. 



CHAPTER VIII. 
MAGNETISM. 

DIEFIIIITIONS — ^ATTRACTIVE PROPERTIES — DIREOTITB PROPERTIBI 
^VARIATION OF THE NBEDUE — DIP — ^MODES OF ¥AXIira MAONETI. 

S 

149. Among the ores of iron, there is found an ore 
of a peculiar kind, which has the power of attracting 
iron filings, and other forms of metallic iron, and is 
called the loadstone. This power can be imparted to 
bars of steel, which are denominated magnets. The 
unknown power which produces the peculiar effects 
of the magnet, is cal led magnetism. This name is 

148. What of electrical fishes 1 Give an accoant of the Gyixmo- 
Cus. How do the natives take electrical fishes in South America 1 

149. What is the loadstone, and magnets 1 Define Migntiu 

13 
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also applied, as at the head of this chapter, to that 
branch of Natural Philosophy which treats of the 
magnet. Mttgnetie bars are thick plates of iron or 
steel, commonly about six inches long. If a magnetic 
bar be placed among iron filings, they will arrange 
themselves around a point at each end, forming tuib, 

Fig. 67. 




as is shown in figure 67. These two points are called 
the poles, and the straight line that joins them, the 
axis of the magnet. If we suspend, by a fine thread, 
a small needle, and approach toward it either pole 
of a metallic bar, the needle will rush toward it 
and attach itself strongly to the pole. By rubbing 
the needle on one of the poles of the magnet it 
will itself imbibe the same power of attracting iron, 
and become a magnet, having its poles. If we now 

bring first one pole of the mag- 
Fig. 68. Fig, 69. netic bar toward the needle, and 

- then the other pole, we shall find 
that one attracts, and the other re- 
pels the needle. Figure 68 repre- 
sents two large sewing needles, 
magnetized, and suspended by fine 
threads. On approaching the north 
pole of a magnetic bar to the north 
poles of the needles, they are 
forcibly repelled ; but on apply- 
ing the south pole of a bar, as in 
figure 69, the north poles of the 
needles are attracted toward it. 




^o BeDses in which the word is used. What are magnetic bars 1 
What are the polesr-the axis 1 How may a needle be magnetized ^ 
How are its properties changed by this process 1 
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150. Let us suppose that the long needle represent- 
ed in figure 70, has heen rubbed on a magnet, so as to 
imbibe its properties, or to 
become magnetized ; then, on ^S^^' 

balancing it on a pivot, it will ^ »{■ ^ 

of its own accord place itself 
in nearly a north and south 
line, and return forcibly to 
this position when drawn 
aside from it. This property 
is called the directive^ while the other is called the 
attractive, property of the magnet. That end which 
points northward, is called the North Pole of the 
magnet, and that end which points southward, is 
called the South Pole. Every magnet has these two 
poles, whatever may be its size or shape. A mag- 
netic bar has usuallv a mark across one end, to de- 
note that it is the north pole, the other, of course, 
being the south pole. If the north pole of a bar be 
brought toward the north pole, N, (Fig. 70,) of the 
needle, it will repel it, and the more forcibly in pro- 
portion as we bring it nearer to N. On the contrary, 
if the north pole of the bar be brought toward the 
south pole S of the needle, it will attract it. Also, 
if we present the south pole of the bar first to one pole 
of the needle, and then to the other, we shall find that 
the bar will repel the pole of the same name with its 
own, and attract its opposite. These facts are ex- 
pressed by the proposition that similar poles repel, and 
opposite poles cUtract each other. When a magnetic 
bar is laid on a sheet of paper, and iron filings are 



150. Explain the direeUoe property. Which is the north and 
which the south pole 1 How is the north pole distinauished 1 Ef- 
fect when the north pole of the bar is brought near the north pole 
of the needle— when the north pole is brought toward the sonth 

Kiel State the general fact. What takes place when a magneUc 
r is placed among iron filings 1 



ipriaUed oa it, they will arrange themselves ii 
woutid it, as ID figure 71. 



151. The magnetic needle, when freely suspended, 
seldom points directly to the pole of the earth, but its 
deTiation from that pole, either east or west, is called 
the variation of the needle. A line drawn on the sur. 
&ce of the earth, due north and south, is called a me- 
ridian Sne. The needle usually makes a greater or 
less angle with this line. Its direction is called the 
magneUc meridiait, and the place on the earth to which 
it points, is called the tnagnetic pole. The earth has 
two magnetic poles, one in the northern, the olher in 
the eouthera hemisphere. The north magnetic jwle 
is in the part of North America lying north of Hud- 
son's and west of Baffin's Bay, in latitude 70°. The 
variation of the needle is difTerent in different coun- 
tries. In Europe, the needle points nearly N. W. 
and S. E. ; while in the United States it deviates no- 
where but ft few degrees from north and south ; and 
almg a certain series of places, passing through West- 
em New York and Pennsylvania, the variation is nolh- 
ii^ ; that is, the needle points directly north and south. 
At the same place, moreover, the variation of the 
needle b different at different periods. For a long 
series of years, the needle will slowly approach the 

161. What ii meani bf (he varialioii o! the needle T What ia a 
meridian line '^-ihemagnetio meridian 1 Situation of lhen««h maf- 
veticpoleY Howialhevatialiopofthe needle inEuropel How iq 
the Dniled Stateal 'Where does liie hae of no variation ran t Hovr 
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North pole, came within a certain distance of it, and 
then turn about and again slowly recede from it. At 
Yale College, the variation in 1848, was 61- degrees 
West, and is increasing at the rate of A\ mtnotes a year. 

152. A needle first balanced on its center <^ grmvityy 
and then magnetized, no 

longer retains its level, but Fi;. 72. 

It points below the horizon, 
making an angle with it, 
called the Dip of the needle, 
Tlie dipping needle is 
shown in figure 72, adapted 
to a graduated circle in or- 
der to indicate the amount of 
the depression, and is some- 
times fitted with screws and 
a level to adjust it for obser- 
vation. The dip of the nee- 
dle varies very much in dif- 
ferent parts of the earth, being in general least in the 
equatorial, and greatest in the polar regions. At Yale 
College, it is about 73 degrees, being greater than is 
exhibited in the figure. 

153. The directive property of the needle has two 
most interesting and important practical applications, 
in surveying and navigation. The compass needle, 
in order to keep it at a horizontal level, and prevent its 
dipping, has a counterpoise on one side, which exactly 
balances the tendency to point downward. By the 
aid of this little instrument, lands are measured, and 
boundaries determined ; the traveller finds his way 

does the varialioa change at any given place 1 How ia it at New 
Haven 1 

162. What 18 &e Dfo of the needle 1 Deteribe figure 79. Where 
is the dip of the needle greatest 1 Where leaBtT In amoont at 
Yale College 1 

158. What are the two leading applicationa of the neaJle 1 How ia 
the compasB needle kept fiom dipping 1 TewhKt ~ ~* 
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thwmgfa unexplored forests and deserts ; and mariners 
guide their ships through darkness and tempests, and 
across pathless oceans. 

154. There are various methods of making compass 
needles, or artificial magnets. Soft iron readily receives 
magnetism, but as readily loses it ; hard steel receives 
it more slowly, but retains it permanently. It is a 
singular property of a magnet, whether natural or 
artificial, that, like virtue, it loses nothing by what it 
imparts to another. In fact, such an exercise of its 
powers is essential to their preservation. The strongest 
magnet, if suffered to remain unemployed, gradually 
loses power. Magnets, therefore, and loadstones, are 
kept loaded with as much iron as they are capable of 
holding, called Iheir armature. If we simply rub a 
penknife on one pole of a magnet, we render it magnetic, 
as will be indicated by its taking up iron filings or 
sewing needles. Magnetism is most readily imparted 
by a bar, when both its poles are made to act together. 
This is done by giving the bar the form of a horse-shoe, 
as in figure 73. To magnetize a needle, we lay it flat 

on a table, and place the 

Fig. 73. two poles of the horse- 

^^^^^^^^gm^. shoe magnet near the 

m^^^^^^^^^^^^^^ middle, and rub it on the 

^1^ Jf needle, backward and 

^^^^^^^'^^■i^^^ forward, first toward one 

end and then toward the 
other, taking care to pass over each half of it an equal 
number of times. The needle may then be turned over, 
and the same pnxjess performed on the other side, when 
it will be found strongly and permanently magnetized. 

•iiu HftWM the compasB needle made 1 What is said of soft iron 

?t.S^^itn How is the strength of the magnet aflected by 

and hard.steen jiow w amiature 1 How to magnetize a 

•^SSifi"whr« »T«>^* "^ "^^ horae^oe fonn rHow ti 
Sukgnetiie a aeedle with it* 



CHAPTER IX. 
OPTICS. 

DKFmmOlW^mBFLEZION AND RSFKACTION— OOLOR»— YHIOlf— MI* 

CBO0COn8 AND TSXJE8C0PM. 

155. Optics is that hranch of Natural Philosophy 
tDMch treats of Light. Light proceeds from the sun, a 
lamp, and all other- luminous bodies, in every direction, 
in straight lines, called rays. If it consists of matter, 
its particles are so small as to be incapable of being 
weighed or measured, many millions being required 
to make a single grain. Some bodies, as air and glass, 
readily permit light to pass through them, and are 
called transparent ; others, as plates of metal, do not 
permit us to see through them, and are called opake* 
Any substance through which light passes, is called 
a Medium. Light moves with the astonishing velocity 
of 192,500 miles in a second. It would cross the 
Atlantic Ocean in the sixty-fourth part of a second, 
and in the eighth part of a second, would go round the 
earth. When light strikes upon bodies, some portion 
of it enters the body, or is absorbed, and more or less 
of it is thrown back, and is said to be reflected ; when 
it passes through transparent bodies, it is turned out 
of its direct course, and is said tP be refracted. The 
light of the sun consists of seven different colored 
rays, which, being variously absorbed and reflected 
by different bodies, constitute all the varieties of colors* 
Light enters the eye, and forming within it pictures 
of external objects, thus gives the sensation of vision. 
The knowledge of the properties of light, and the 
nature of vision, has given rise to the invention of 
many noble and excellent instruments, which afford 

i ■" 

155. Define Optics— terms rays, transparent, opake, and medium. 
When is light aaul to be reflected 1 Wheniefiractedl Qfwhatdoths 
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wonderful aid to the eye, such as the nucrascope and 
the telescope. Let us examine more {>articularly these 
interesting and important subjects, under separate 
heads. 

Sec. 1. Of ike Be/Uxum and Sefraetion of Lights 

166. When rays of light, on striking upon «ome body, 
are turned back into the same medium, they are said 
to be reflected. Smooth p<^ished surfaces^ like mirrors 
and wares of metal, reflect light most freely of any, and 
hence their brightness. Most objects, however, are 
seen by reflected light ; few shine by their own light. 
Thus, the whole face of nature owes its brightness and 
its various colons to the light of the sun by day, and 
to the light of the moon and stars by night. The rays 
that come from these distant luminaries, fall first upon 
the atmosphere, and are so reflected and refected from 
that as to light up the whole sky, which, were it not for 
such a power of scattering the rays of light that fall 
upon it, would be perfectly black. On account of the 
transparency of the atmosphere, the greater part of 
the sun's rays pass through it, and fall upon the surface 
of the earth, and upon all objects near it. These reflect 
the light in various directions, and are thus rendered 
visible by that portion of the light which proceeds from 
them to the eye. 

157. When a ray of light strikes upon a plane 
Burfaoe, the angle which it makes with a pei^ndicular 
to that sur^ce, is called the tmgie of j^u^i^enc^, and the 
wigle whidi it makes with the same perpendicular, 
WMi refleoted, is called the wkgle tf r^Uni&n. - The 

Mall ftyt ocNwiat 1 To wliat mveatioBB has the etady of QpCioi 
Ciira* nm 1 

188, ^When are rays of light said to be reflected 1 By what light 
a|9 moot elbjects eeeik 1 Show how ^^ attiaofi^et« M isosttiiiBgCi 
€tt th« Wfih an iUoiahiBCed. 

I8f . Daine the avgie of iooidence and of reflezion. Equaliljr b*- 
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migle €f r^kxion u equal to IJte angle ef ineidenee. 
Thus, a ray of light, A C, striking upon a plane mir. 
lor, M N, at C, will be 
reflected off into the line Fi^. 74 

C B, making the angle of ^ ^ I> 

incidenoe, MCA, equal \ ^y^^ 1 -"■'v^ y/ 
to the anffle of reflexion, /^ ^s/^ 

N C D. It is not neces- /\. x\ 

sary that the sur^euse on / N. y^ \ 

which the light strikes/ \^ y^ \ 

should be a ^^^j^^'^^i nIX \ 



plane ; the small part of *^ C N 

a curved surface, on which 

a ray of light falls, may be considered as a plane^ 
touching the curve at that point, so that the same law 
of reflexion holds in curved as in plane surfacea. 
Now the grains of sand on a «indy plain, present sur. 
hjoea variously inclined to each other, which scatter 
the rays of the sun in different directions, many of 
which enter the eye, and make such a region appear 
very bright ; while a smooth surface, like a mirror, or 
a calm sheet of water, reflects the light that falls on it 
chiefly in one direction, and hence appears bright only 
when the eye is so situated as to receive the reflected 
beam. Thus, the ocean appears much darker than 
the land, except when the sun shines upon it at such 
an angle as to throw the reflected beam directly to- 
ward the eye, as at a certain hour of the morning or 
evening, and then the brightness is excessive. 

158. An object always appears in the direction in 
which the last ray of light from U comes to the eye. 
Thus, we see the sun below the surface of a smooth 
lake or river, because every ray of light, being reflect- 
ed from the water as from a mirror, comes to the eye 



tween these two angles. Explain figure 74. Does the same law 
hold for carved suHacefll Which appeus darkest, the oceaa or 
land, in the light of the san 1 
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in the diieedon in which the image appears ; and if 
the light of a star were to change its direction a hun- 
dred times in coming through the atmosphere, we should 
■ee the star in the direction of the last ray, in the same 
manner as if ncme of the other directions had existed. 
This principle explains various appearances presented 
by minors, of which there are three kinds — ^plane, 
concave, and convex. 

159. A common looking-glass furnishes an example 
of a Plane Mirror, If we place a lamp before it, rays 
of light are thrown from the lamp upon every part of 
the mirror, but we see the lamp by means of those few 
of the rays only which are reflected to the eye ; all 
the rest are scattered in various quarters, and do not 
contribute at all to render the object visible to a spec- 
tator at any one point, although they would produce, 
in like manner, a separate image of the lamp wherever 
they entered an eye so situated as to receive them. 
Hence, were there a hundred people in the room, each 
would see a separate image, and each in the direction 
in which the rays came to his own eye. We will sup- 
Fig. 75. 




pose M N to be the looking-glass, having a harp placed 

168. In what direction does an object always appear 1 Example 
in the sun— in a star. What are the three kinds or mirrors 1 

159. Explain how the image is formed in a plane mirror. What 
rays only enable us to " '^ ^ 1 Explam Fig. 76. How far 
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before it, and the eye of the spectator at D. Of all 
the rays that strike on the glass, the spectator will see 
the image by those only which strike the mirror in 
such a direction, A B, that when reflected from the 
mirror at the same angle on the other side, they shall 
enter the eye in the direction B D. The image will 
appear at C, and vnUhejust as far behind the mirror as 
the harp is before it. This last principle is an import- 
ant one, and it must always be remembered, that every 
point in an object placed before a plane mirror, will 
appear in the image just as far behind the mirror as 
that point of the object is before it ; so that the image 
will be an exact copy of the object, and just as much 
inclined to the mirror. We learn, also, the reason 
why objects appear inverted when we see them re- 
flected from water, as the surface of a river or lake, 
since the parts of the object most distant from the wa- 
ter, that is, the top of the object, will form the lowest 
part of the image. 

160. If we take a looking-glass and throw an image 
of the sun on a wall, on turning the mirror round we 
shall find that the image moves over twice as many 
degrees as the mirror does. If the image is at first 
thrown against the wall of a room, horizontally, (in 
which case the mirror itself would be perpendicular to 
the horizon,) by turning the mirror through half a 
right angle, the place of the image would be changed 
a whole right angle, so as to fall on the ceiling over 
head. A common table-glass, which turns on two 
pivots, being placed before a window when the sun is 
low, will furnish a convenient means of verifying this 
principle. 



is the imase behind the minor 1 How far is each point in the im- 
age behind the mirror 1 Why do objects appear inverted when re- 
flected from water 1 

. 160. If a mirror be tamed, how much faster does the image move 
than the minor 1 State how the experiment is perfonned. 
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Fis.7€. 



161. A Concave Mirror collects rays of light. If 
we hold a small concave shaving-glass, for instance, 
toward the sun, it will collect the whole beam of light 
that falls upon it into one point, called the fo€U9. 

Figure 76 will give some idea of 
the manner in which parallel rays 
strike a concave mirror, converge 
to a focus, and then diverge. The 
angle of reflexion is equal to the 
angle of incidence here, as well 
as in a plane mirror ; but the 
perpendicular to a curved sur&ce 
is the radius of the circle of which the curve is a 
part. Thus, the line C B is the radius of the c<m. 

Fig. 77. 





cave mirror, M N, and, in a circle, every radius is 
perpendicular to the surface. The sun's rays are 
parallel to each other, or so nearly so, that they may 
be considered as parallel ; and when rays fall upon 
the mirror, in the lines A B and £ 6, they are re- 
flected on the other side of the perpendioulars, meet^ 
ing in a common focus, F, which point b called the 
fSatM of parallel raye. Into this point, or a small 
space around it, a concave mirror will collect a beam 

»<^^— ^^M^i^— ^^^^.^ ■■■■ ■ ■■ — ^M^i^ _ » . ^ I IM^M— ■^■^igaiMMi^^M^^^Mfc^i— — — ^ 

161. What is the office of a concave ir^irror 1 Experin.eDl with a 
riiavinff-glaas. What forma the perpendicular ^o a ooncaire suifiice 1 
What IS tlicpmBtcaUe4wti«re parallel layaueeoIlMledl Wkstjs 
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of iJbe sun, increasing in heat in the same proportion 
as the illuminated spaoe at F is less than the whole 
surface of the mirror. In large concave mirrors^ 
the heat at the focus often becomes very powerful, 
so as not only to set combustibles on fire, but even 
to melt the roost infusible substances. Hence the 
name focus, which means a htmmg point. If a lamp 
is placed at F, the rays of light proceeding from it in 
the lines F G and F B, will strike upon the mirror 
and be reflected back into the parallels, G £ and B A. 
We shall see hereafter how useful this property of 
concave mirrors, — ^to collect parallel rays of light into 
a focus, — is in the construction of that most noble of 
instruments, the telescope. 

A Convex Mirror, on the other hand, separates rays 
of light from each other, still observing the same law, 
that of making the angle of incidence equal to the 




Angle of reflexion. In figure 78, the parallel rays, 
A B, O D, E F, are represented as falling on a convex 
mirror, M N. A B and E F, being reflected to the 
other sides of the radii, C B and C F, are separated 



said of the heat at the focus 1 Whea 9- lamp 10 plaeed in the focus, 
bow will its light be reflectedl 

14 
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Aoni flttch other, and form the image at I, which is 
«iled the magmary focus of parallel rays, because, at 
»» point, the parallel rays that fall upon the minor 
•WW to meet in a focus behind the mirror, and to 
oiveTge again into the lines B 6 and F H. 

1C2. Wheneyer the rays of light from the difierent 
pMs of an object cross each other before formiDg tho 
image, the image will be inverted. It is manifest from 
figure 79, that the light by which the top of the obiect 




B 

is repiesented forms the bottom of the image, and the 
light from the bottom of the object forms the top of the 
image, the two sets of rays crossing each other at the 
liole in the screen. It is always essential to the- dis- 
tinctness of an image, that the rays which proceed 
from every point in the object, should be arranged in 
CGnresponding points in the image, and should be un- 
mcoompanied by light from any other source. Now a 
screen like that in the figure, when interposed, per- 
mits only those rays from any point in the object that 
mi« very near together and nearly parallel to each other, 
to pass through the opening, after which they continue 
ttrairiit forward and foTm the corresponding point of 
Ibe imige ; while rays coming from any other point in 
tibe o^ect cannot fall upon the point occupied by the 

wbt «»«<^ will the image appear inverted 1 Explain from 
^jr:>?>— ntial to the distinctness of an image 1 What 
ZTllle aoeen permit to pass 1 
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fi}nner pencil^ but each finds an appropriate place of 
its own in the image, and all together make a faithful 
representation of the object. 

163. Concave mirrors form images of objects, by 
collecting the rays from each point of the object into 
corresponding points in the image, unaccompanied by 
rays from any other quarter. If the object be nearer 

Fig.eo 




Flflr. 81. 



than the focus, as in figure 80, a magnified image ap* 
pears behind the mirror, and in its natural position ; 
but if the object be between the focus and the center, 
the image is before the mirror, on the other side of the 
.center, larger than the object, 
and inverted, as it b in fig- 
ure 81, where the small ar- 
row, A B, situated between 
the focus and the center of 
the mirror, is reflected into 
the image a b, inverted and 
laiger than the object. These 
cases may be verified in a 
dark room, by placing a lamp 
at difierent distances from a 
concave mirror. As such 
mirrors form their images in 
the air without any vbible 

163. How do concave miiToiB form images 1 When the object ia 
nearer the mirror than the focua, how does the image appear 1 
How when it is farther than the focus 1 How may these cases be 
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auppoft, they hare sMnetimes been employed by ji:^. 
glen to produce ftpparitions of ghostly Bgures, drawn 
swords, and the like, which were made to appear in 
terrific forms, while the apparatus by which they were 
produced, was entirely concealed from the spectators. 




A convex mirror gives a diminished image of any object 
placed before it, representing it in its natural positicm, 
and behind the mirror, as in figure 82. 

164. Refraction is the change of direction which light 
undergoes hy passing otU of one medium into another. 

When light passes out of a rare me*. 
dium, like air, into a dense medium, 
like water, it is turned Unoard a per. 
pendicular ; when it passes out of a 
dense into a rare medium, it is turn- 
ed ^^m a perpendicular. When the 
ray of light, B C, passes out of air in- 
to water, it will not proceed straight 
forward in the line C F, but will go 
in the line C £, nearer to the per* 
pendicular, C H ; and light proceeding from an object 
under water at E would, on passing into the air at C, 
turn from the perpendicular into the line C B. Since 




verified 1 What use is made of concave mirrora by jugglers 1 How 
do coJIvex mirrors represent objects 1 - , ,. 

WW. Define refraction. How » light reflected by paaainfr out of 
air into water—out of water into air 1 Explain Fi«. 83. Also, Fig. 
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objects always appear 
in the direction in which 
the light finally comes 
to the eye, the place of 
an image is changed by 
its light passing through 
a refracting medium be* 
fore it reaches the eye. 
Fig. 84 represents a 
bowl with a small coin 
at the bottom. An eye 
situated as in the figure, would not see the coin ; but, 
on turning water into the bowl, the coin becomes vis- 
ible at B, because the light proceeding from the coin is 
bent toward the eye in passing out of the water. For 
a similar reason, an oar in water appears bent, the part 
immersed being elevated by refraction. The bottom 
of a shallow river appears higher than it really is, and 
people have been drowned by attempting to ford a river 
which, from the effect of refraction, appeared less deep 
than it was. 

165. The Multiplying Glass 
shows as many images of an 
object as there are surfaces, 
since each surface refracts the 
li^ht that falls upon it, in a 
different angle from the others; 
of course tibe rays meet the 
eye in the same number of 
different directions, and the 
object appears in the direction 
of each. The candle at A, Fig. 85, sends rays to 
each of the three surfaces of the glass. Those which 
fall on it perpendicularly, pass directly through the 



Fig. 85 




84. Why an oar in water appears bent 1 How does refraction affect 
the apparent depth of a river 1 , . . «. 

165. Describe the multiplying glas, and explain its effects. 

I'l* 
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gl«M to the ef^ inthout change of direction, and finn 
one image in its true place at A. But the rays which 
fijl on £e two oblique surfaces, have their directions 
changed both in entering and in leaving the glass, 
(as will be seen by following the rays in the figure,) 
80 as to meet the eye in the directions of B and C* 
Consequently, images of the candle are formed, also^ 
at both these points. A multiplying glass has 
usually a great many surfaces inclined to one another, 
and the number of images it forms is proportionally 
great. 

166. This property of light — the power of having 
its direction changed by refiraction—- is converted to 
very important and inter- 
esting uses by means of 
tXNsxs. A lens is exem- 
plified in a common sun- 
glass, (or even in a spec- 
tacle-glass,) and is either 
convex or concave. Con- 
vex lenses, like concave 
mirrors, coUeet rays of X 

light. In Fig. 86, the parallel rays, A a and C e, 
are collected along with the central ray (which be- 
ing perpendicular to the surfaces of the lens, suffers 
no refraction) into a common focus in F. If I hold a 
sun-glass, or a pair of convex spectacles toward the 
sun, the whole beam that fklls upon the glass will be 
collected into a small space, forming a bright point, 
or focus, at a certain distance from the lens on the 
side opposite the sun, where it may be received on a 
screen or sheet of white paper. A concave lens, like 

106. To what important and interesting mes ia the power of light 
to andergo refraction converted 1 What instruments are used Tor 
thiaporpoael What is the office of a convex lens 1 Describe Fig 
96, £3uunple8 in a son-glass and spectacles. 




omc9. 



a conrez mirror, separates rays of light. Thus, In 

Fig. 87, the solar beam 
Tig. 87. is spread over a greater 

_ space on the screen than 
'^ the size of the lens, indi* 
eating that the rays are 
separated from each other 
by passing through the 
lens. Hence, concave 
^ lenses do not form images 
as convex lenses do, and 
are therefore but little employed in the construction of 
optical instruments. 

167. A convex lens, like a concave mirror, forms 
an image of an object without, by collecting all the 
pencils of rays that proceed from every point of the 
object and fall upon the lens, into corresponding points 
at the place of the image. The image is inverted 

Fig. 88. 





because the pencils of rays cross each other, those 
from the top of the object going to the bottom of the 
image, and those from the bottom gottfg to the top. 
In the figure, the central ray of each pencil (called the 
axis) and the extreme rays are represented. The ex- 



167. How does a convex lens fonn an image 1 Why is the imaga 
inverted 1 What is the a»i» of a pencil of rays 1 Where do tie 
axes erosB each other 1 Great number of rays that proceed ftom 
orery point in the object 
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treme rays cross each other in the center of the len% 
and thus necessarily produce an inverted image ; bul 
we must conceive of a great number of rays proceed- 
ing from every point in the object, and each pencil 
covering the whole lens, which collects them severally 
into distinct points, each occupying a separate place 
in the image. 

168. If we place^a lamp in the focus of a lens, the 
rays that proceed from it and pass through the lens, 
go out parallel, and will never come to a k>cus on the 
other side, so as to form an image. But if we remove 
the lamp farther from the lens, so as to make the rays 
fall upon the lens in a state less diverging, then it will 
collect them into a distinct image on the other side, 
which image will be large in proportion as it is more 
distant from the lens. As the object is withdrawn 
from the lens, the image approaches it ; when they are 
at equal distances from the lens, they are equal in size ; 
but when the object is farther from the lens than the 
image, the image is less than the object. These prin- 
ciples lead to an understanding of those interesting 
and wonderful instruments, the Microscope and the 
Telescope, to which our attention will hereafter be di- 
rected. 

Sec. 2. Of Colors. 

169. The philosophy of colors has been unfolded 
chiefly by means of the Prism* A Prism is a trian* 
gular piece of glass, usually four or five inches long, 
presenting three plane smooth surfaces. When we 
look through the prism, all external objects appear in 

. 168. How do the rays eo out when a lamp is placed in the focus 1 
How when the lamp is farther from the lens than the focus 1 How 
lis the size of the imase affected by its distance from the lens 1 How 
is the image changed by withdrawing the lampl 
' ie9. By what instrument has the philosophy of colore been unfold- 
ed 1 Define a^mm. What appearances does it present when we 
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the moflt brilliant hues, diversified by the various colors 
of the rainbow. The reason of this is, that light consists 
of seven different colors, which, when in union with 
each other, compose white light ; but when separated, 
appear each in its own peculiar hue. The difierent 
colors are as follows — ^violet, indigo, blue, green, yellow, 
orange, red. The prism separates the rays of solar 
light, in consequence of their having the property of 
undergoing difl^rent degrees of refraction in passing 
through it, the violet being turned most out of its course 
and the red least, and all the others differing among 
themselves in this respect, as is shown in the following 
diagram. E F represents the window shutter of a dark 

Ilg. 89. 




^''^-^ 



room, through a small opening in which a beam of solar 
rays shines. They fall on the prism, ABC, and are 
refracted, by which they are turned upward, but in 
different degrees, the red least and the violet most. By 
thb means they are separated from each other, and lie 
erne above another on the opposite wall, constituting 

look through it 1 Why 1 Seven colore of the spectram. Why 
does the pnam separate the different colore.1 Explain Fig. 89. How 
may we. recompoee the Bpectram into white light 1 
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Ills bemutiful object called the solar spectrum. We 
may now introduoe a double convex lens into the 
qMCtram, just behind the prism, and collect all the 
njn which have been separated by the prism, and they 
will Toeompose white light. The elongated spectniin 
en the wall, presoiting the seven primary colors, will 
vanish, and in the place of it will appear a round image 
of the sun as white as snow. 

170. We may now learn the reason why so many 
difierent colors appear when we look through the prism. 
The leaves of a tree, for example, seem to send forth 
streams of red light on one side and of violet on the 
other. The intermediate colors lap over, and partly 
neutralize each other, while on the margin each color 
exhibits its own proper hue. 

171. The rainbow owes its brilliant colors to the 
same cause, namely, the production of the individual 
colors that compose solar light, in consequence of the 
separation they undergo by refraction in passing through 
drops of water. Although drops of water are small 
objects, yet rays of light are still smaller, and have 
abundant room to enter a drop of water on one side, to 
be reflected from the opposite surface, and to pass out 
on the other side, as is represented in the following 
figure. The solar beam enters the drop of rain, and 
some portion (a very small portion is sufficient) being 
refracted to B, then reflected and Anally refracted 
again in leaving the drop, is conveyed to the eye of 
the spectator. As in undergoing these two refractions, 
some rays are refracted more than others, consequently 
they are separated from each other, and coming to the 
eye of the spectator in this divided state, produce each 

170. Why do so many different colors appe^ir when we look 
diroDgh the prism 1 Explain the appearance of the leaves of a tree. 

Xn. To what does the rainbow owe its colon 1 Explain how the 
separation of coloia is produced. To what part of the bow does the 
line pass which joins the mm and the eye of the spectator 1 Howhii^ 
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ite ovm ooiar. The spectator stands with his beck to 
the sun, and s straigfat line passing from the sun thioo^ 




the eye of the spectator, passes also through the center 
of the bow. When the sun is setting, so that this line 
becomes horizontal, the summit of the bow reaches an 
altitude of about 42**, and the bow is then a semicircle. 
When the sun is 42* high, the same line would pass 
42* below the opposite horizon, and the summit of the 
bow would barely reach the horizon. When the sun 
is between these two altitudes, the bow rises as the 
sun descends, composing a larger and laiger part of 
a circle, undl, as the sun sets, it becomes an entire 
semiciivle. 

It2. The varied colors that adorn the face of nature, 
as seen in the morning and evening cloud, in the tints of 
flowers, in the plumage of birds and wings of certain 
insects, and in the splendid hues of the precious gems, 
arise from the different qualities of di^rent bodies 
in regard to the power of refracting or of reflecting 
light. When a substance reflecte all the prismatic 
rays in due proportion, its color is white ; when it 
al^rbs them all, its color is black ; a nd its color b blue, 

*^^**^>"^— ^^— ■— ^— ■*^— ^— ^^^^"i—^i^-^^— ^— — ^■^^■^■^■^^ ^^^^^^^ ^^■^■^*^^^'^^^'^'^*^'^*^^^^*^*^ 

does the top of the bow reach when the fun is secdncl Wheie it 
It when the sun is 42P above the wetteni boriioa 1 when the 
li between these two points 1 
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green, or yellow, when it happens to reflect one of these 
-colors, and to absorb all the others of the spectrum. 
These hues are endlessly varied by the power natural 
bodies have of reflecting a mixture of some of the 
primary colors to the exclusion of others, every new 
proportion producing a diflerent shade. 

Sec 8. Of Visum. "- 

173. Whenever we admit into a dark room through 
an opening in the shutter, light reflected from various 
objects without, an inverted picture of these objects 
will be formed on the opposite wall. A room fitted for 
exhibiting such a picture, is called a Camera Ohscura. 
In a tower which has a window opening toward the 
east, upon a beautiful public square, containing 
churches and other public buildings, and numerous 
trees, and the various objects of a populous city, a 
little dark chamber is fitted up for a camera obscura, 
having a white concave stuccoed wall opposite to the 
window, ten* feet from it, and all the other parts of the 
room painted black. The afternoon, when the sun is 
shining bright in the west, and all objects seen to the 
east present their enlightened sides toward the window, 
is the time for forming the picture. For this purpose, 
a round hole about three inches in diameter, is prepared 
in the shutter, which admits the only light that can 
enter the room. The room is made black every, 
where except the wall that is to receive the picture, 
otherwise light would be reflected from diflerent parts 
of the room upon the picture ; whereas it is essential 
to its distinctness, that the image should be unac- 



172. How are the colors of nataral objects produced ? When ia 
the color white, or red, or blue 1 How are the colore varied *» 

}P: J^^ "^7 * picture be formed in a dark room 1 What ia it 
called 1 Describe the Camera Obscura mentioned. When is the 
time for forming the picture 1 Why ia the room painted bladu 



except the wall opposite the window 1 
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oompamed by light from any other source. The wbH 
that is to receive the picture is made concave, so that 
every part of it may be equally distant from the brifioe 
in the shutter. 

174. We now close the shutter, and instantly there 
appears on the opposite wall a large picture, repre- 
senting all the varied objects of the landscape seen 
from the window, as churches, houses, trees, men and 
women, carriages and horses, and in short every thing 
that is in view of the window, including the blue sky, 
and a few white clouds that are sailing through it. 
Each is represented in its proportionate size and color, 
and if it is moving, in its true motion. Two circum- 
stances, only, impair the beauty of the picture ; one 
is, that it is not perfectly distinct, the other, that it is 
inverted — the trees appear to grow downward, and the 
people to walk with their feet above their heads. The 
picture appears indistinct, because the opening in the 
shutter is so large that rays coming from different ob- 
jects fall upon the picture and mix together, whereas 
each point in the image must be formed alone of rays 
coming from a corresponding point in the object. We 
will therefore diminish the size of the opening by cov- 
ering it with a slide containing several holes of differ- 
ent sizes. We will first reduce the diameter to an 
inch. The picture is now much more distinct, but yet 
not perfectly well defined. We will therefore move 
the slide, and reduce the opening to half an inch. 
Now the objects are perfectly well defined, for through 
so small an opening none but the central ray, or axis, 
of each pencil can enter, and each axis will strike the 
opposite wall in a point distinct from all the rest. But 
though the picture is no longer confused, yet it lacks 
brightness, for so few rays scattered over so laige a 

174. On cloeing the shutter, what appearances present them- 
Bslves 1 What two circumstances impair the beauty of the picture 1 
Why indistinct— How rendered more distinct— why well defindd 

15 
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fliiTfiu)e» are insuffioieiit to fonii a bright image. We 
will now remoTe the slide, open the original orifioe of 
three inches, which lets in a great abundance of ligh^ 
and we will place immediately before the oiifioei 
(within the room,) a convex lens of ten feet focus^ 
which will collect all the scattered rays into separate 
foci, and thus form a picture at once distinct and bright 
80 that the most delicate objects without, as the tremblinff 
of the leares of the trees, and the minutest motions of 
animals, are all very plainly discernible. Only one 
thing is wanting to make the picture perfect, and that 
is, to turn it right side upward. This may be done, 
and is done in some forms of the camera obscura ; but 
Ibr our present purpose, which is to illustrate the prin- 
ciples of the eye, where the image formed is also in- 
verted, it is better as it is. 



Fig. 91. 



175. The eye is a ca- 
mera obscura, and the 
analogy between its prin* 
cipal parts and the contri- 
vances employed to form 
a picture of external ob- 
jects, as in the foregoing 
dark chamber, will appear 
very striking on compari- 
son. Figure 91 represents 
the human eye, which is a 
circular chamber, colored 
black on all sides except the back part, called the r^ 
tmaf which is a delicate white membrane, like the 
finest ffauze, spread to receive the image. The front 
part of the eye, A, is a lens of a shape exactly adapted 
to the purpose it is intended to serve, which projects 




when the enfiee is flmali— What does the picture now lack % 
to make it at once well defined and bright 1 
ITS. Analogy of the eye to the Camera Obscura. Deaoibe Ifae 



cye.firom 



laiogyc 
Fig. 91. 
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ibrward so as to receive the light that comes in ade- 
wise, and guides it into the eye. The jpupe7 is an 
) opening between c and c, like the opening in the win- 

dow shutter, just behind which is a convex lens, B, 

> which collects all the scattered rays, and brings each 
pencil to a separate focus, where they unite in ibrmine 
a bright and beautifully distinct image of all external 
objects. O represents the optic nervCy by which the 
sensations Inade on the retina are conveyed to the brain. 
The substances with which the several parts of the eye, 

( A, B, and C, are filled, are limpid and transparent, and 

purer than the clearest crystal. 
i 176. It is essential to distinct vision, that the rays 

> which enter the eye should be brought accurately to 

> a focus at the place of the retina ; and in ninety-nine 
cases out of a hundred, this adjustment is perfect. But 

^ in a few instances, the lens, B, called the crystalline 

\ humory is too convex, and then the image is formed be- 

fore it reaches the retina. This is the case with near- 
sighted people. Their eyes are too convex ; but by 
wearing a pair of concave spectacles, they can destroy 
the excess of convexity in the eye, and then the crys- 
talline lens will bring the light to a focus on the retina 
and the sight will be distinct. Sometimes, particularly 
as old age advances, the crystalline lens becomes less 
convex, and does not bring the rays to a focus soon 
enough, but they meet the retina before they have come 
accurately to a focus, and form a confused image. In 
this case a pair of convex spectacles aids the crystal- 
line lens, and both together cause the image to fall ex- 
actly on the retina. As a piece of mechanism, the eye 
is unequalled for its beauty and perfection, and no part 
of the creation proclaims more distinctly both the ex. 
istence and the wisdom of the Creator. 

I 176. What is easential to distinct vision 1 Imperfection when tfa« 

jtnrystailine lens is too convex— how remedied— also when net cott> 
vex enoogfa— remedy 1 Petfection of the eye. 
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Sec. a. Of the Microscope. 

177. The Microscope is an optical instrument, de« 
signed to aid the eye in the inspection of mintUe objects. 
The simplest microscope is a convex lens, like a spec- 
tacle glass. This, when applied to small objects, as 
the letters of a book, renders them both larger and more 
distinct. When an object is brought nearer and near- 
er to the eye, we finally reach a point within which 
vision begins to grow imperfect. That point is called 
the Hrnii of distinct vision. Its distance is about five 
inches. If the object be brought nearer than this dis- 
tance, the rays come to the eye too diverging for the 
lenses of the eye to bring them to a focus soon enough, 
so as to make their image fall exactly on the retina. 
Moreover, the rays which proceed from the extreme 
parts of the object, meet the eye too obliquely to be 
brought to the same focus with those rays which meet 
it more directly, and hence contribute only to confuse 
the picture. 

178. We may verify these remarks by bringing 
gradually toward the eye a printed page with small 
letters. When the letters are within two or three 
inches of the eye, they are blended together and noth- 
ing is seen distinctly. If we now make a pin-hole 
through a piece of paper, and look at the same letters 
through this, we find them rendered far more distinct 
than before at near distances, and larger than ordina- 
ry. Their greater distinctness is owing to the exclu- 
sion of those oblique rays which, not being brought by 
the eye to the same focus with the central rays, only 
tend to confuse the image formed by the latter. As 

177. Define the microscope. What is the simplest form of the 
microscope 1 Its effect upon the letters of a book. What is the 
limit of distinct vision 1 Why do objects appear indistinct when 
nearer than thisi 

178. Example in a printed page— Appearance through a pin-hole. 
To what is the greater distmctness owingl— The increased bnghtneesl 
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only the central rays of each pencil can enter so small 
an orifice, the picture is made up chiefly of the axea 
of all the pencils. These occupy each a separate 
point in the image, a point where no other rays can 
reach. The increased magnUude of the letters b owing 
to their being seen nearer than ordinary, and thus un- 
der a greater angle, and of course magnified. 

179. A convex lens acts much on the same princi- 
ples, but is still more efiectual. It does not exclude 
the oblique rays, but it diminishes their obliquity so 
much as to enable the eye to bring them to a focus, 
at the distance of the retina, and thus makes them con. 
tribute to the hrightness of the picture. The object is 
magnifiedy as before, because, it is seen nearer, and 
consequently under a larger angle, so that the eye can 
distinctly recognise minute portions of the object, 
which were before invisible, because they did not oc- 
cupy a sufficient space on the retina. Lenses have 
greater magnifying power in proportion as the convex- 
ity is greater, and of course the focal distance less. 
Since the magnifying power of the microscope arises 
from its enabling us to see objects nearer and under a 
larger angle, that power is increased in proportion as 
the focal distance is less than the limit of distinct vis- 
ion. The latter being five inches, a lens which has 
a focal distance of one inch, by enabling us to see the 
object hve times nearer, enlarges its length and breadth 
each ^ve times, and its surface twenty-five times. 
Lenses have been made capable of afibrding a distinct 
image of very minute objects, when their focal dis- 
tances were only one-sixtieth of an inch. In this case, 
the magnifying power would be as one-sixtieth to five ; 



179. Explain the mode in which a convex lens acts. "Why it 
makes objects appear brighter and larger. What lenses have the 
greatest magnifymg power 1 Power of a lens of one inch focoa— 
of ooe sixtieth of an mch focus. 

1*V* 
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or it would magnify the length bimI bresdth emak 800 
tunas, mnd the sur&ce 90,000 tiims. 

ISO. The Magic Lantern »nd Sofor Mieroaeope ow« 
tbeir astonishing effects to the magnifying power of a 
Kniple lens. When the image so muoh exceeds the 
object in magnitude, were the object only enligbuoiad 
by the common light of day, when it came to be diSu 
aed over so great a apace, it would be very feeble, and 
the image would be obscure and perhaps invisiUe. 
The two instruments just named, have each an app*- 
latuB connected with the magnifying lens, which serves 
to illuminate the object highly, so that when the rays 
that proceed from it and form the enlarged image are 
spread over so great a space, they may still be suffi- 
cient to render thie image bright and distinctly visible. 
Fie. 93; 



161. Id the Magic Lantern, the itluminatioD is af- 
forded by a lamp, the light of which is reflected from 
a concave mirror placed behind it, which makes the 
light on that side return to unite with the direct light 
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eiihe )«mp, so that both fall on a large lens which col- 
lects them upon the object, thus strongly illuminating 
it. The foregoing diagram exhibits such a lantern, 
where the concave mirror behind is seen to reflect 
back the light to unite with that which proceeds di- 
rectly from the lamp, so that both fall on the large con- 
vex lens at C, which collects them upon the object at 
B. This is usually painted in transparent colors on 
glass, and may be a likeness of some individual, small 
in the picture, but when magnified by the lens. A, and 
the image thrown on a screen or wall, F, will appear 
as large as life, and in strong colors ; or the objects 
may be views of the heavenly bodies, which are thus 
often rendered very striking and interesting ; or they 
may illustrate some department of natural history, as 
birds, fishes, or plants. 

182. The Solar Microscope is the same in princi- 
ple with the Magic Lantern, but the light of the sun 
instead of that of a lamp is employed to illuminate the 
object. As a powerful light may thus be commanded, 
very great magnifiers can be employed ; for if the ob. 
ject is highly illuminated, the image will not be feeble 
or obscure when spread over a great space. By means 
of this instrument, the eels in vinegar, which are usu- 
ally so small as to be invisible to the naked eye, may. 
be made to appear six feet in length, and, as their mo- 
tions as well as dimensions are magnified, they will 
appear to dart about with surprising velocity. The 
fiiaest works of art, when exhibited in this instrument, 
appear exceedingly coarse and imperfect. The eye 
of a finished cambrio needle appears full of rough pro^ 
jections ; the blade of a razor looks like a saw ; and 
ihe finest muslin exhibits threads as large as the cable 
of a ship. Thus, the small and almost invisible insect 

182. Solar Microscope, how it difiers from the Magic LanteriH* 
WhjT greater magnifiers can be used — appearance of the eels ta 
vinegar. How do the workfl of art appear! HowamaUiiiiectal 
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ft ipaoe as the ptipil g( the eye ; but a leii9 one foot ki 
dfaM»eter will colk^et a beam of l%ht equal to a oyHii* 
dbr of ^e aaine dimendooa^ and convey it to the eye. 
The ohject-glaaa merely forms an image c^ ^e otjeet, 
hoi does Aol magnify ; the microeGc^e er eye-glass 
magnifies. By these means, many obseure eetestial 
ohgeets become cKstmctly visible> which would other- 
wise be too minute, or not sufficiently luminous, to be 
seen by us. ' A teleseope like the foregoing, having 
mnply an object-glass and an eye-glass, inverts ob. 
jeots, since the rays cross each other before they form 
the image. By employing more lenses, it may be 
turned back again, so as to appear in its natural posi- 
tion, as is usually done in spy-glasses, or the smaller 
tekscopes used in the daytime. But since every lens 
absorbs and extinguishes a certain portion of the light,, 
and since, in viewing the heavenly bodies, we ususdly 
wish to^ save as much of the light as possible, astro- 
nonucal telescopes are coostnicted with these two 
glasses only. 

185. Instead of the convex object-glass, we may 
employ the concave mirror to form the image. When 
the lens is used, the instrument is called a refracting 
telescope ; when a concave mirror is i^ed, it is called 
a refkcting telescope. Large reflectors are more easily 
made than large refractors, since a concave mirror 
may be made of any size ; whereas, it is very difficuh 
to obtain glass that is sufficiently pure finr this purpose 
above a few inches in diameter, altEough Refractors 
are more perfect instruments than Reflectors, in pro- 
portion to their size^ Sir William Herschel, a great 
astronomer of England, of the last century, made a 



ject-glaas 1 Which glass collects the lisht— which magnifies 1 Ca» 
the inu^e he made to appear erect 1 Why not done in the astro- 



''*n between refracting and seflecting^ 
f HerschePs great telescope. 
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moan^ for example^ and then magnify Hud tmage hy a 
nucroscape. The image may be formed either by a 
concave mirror or a convex lens, for both, as we have 
seen, form images. Although we cannot go to distant 
objects, as the moon and planets, so as to view them 
under the enlarged dimensions in which they would 
then appear, yet by applying a microscope to the image 
of one of those bodies, we may make it appear as it 
would do were we to come much nearer to it. To ap- 
ply a microscope which magnifies a hundred times, is 
the same thing as to approach a hundred times nearer 
to the body. 




\i 



184. Let A B C D represent the tube of the tele- 
scope. At the front end, or the end which is directed 
toward the object, (which we will suppose to be the 
moon,) is inserted a convex lens, L, which receives the 
rays of light from the moon, and collects them into the 
focus at a, forming an image of the moon. This 
image is viewed by a magnifier attached to the end, 
B C. The lens, L, is called the d^ect-glasa, and the 
microscope, in B C, the eye-glass. A few rays of light 
only from a distant object, as a star, can enter so small 

a ■ 

State the main principle of this instrument. How may the image 
be formed 1 How it orings objects nearer to ns. 

184. Describe the telescope as represented in Fig. 94. Pomt cot 
the object-glass, and the eye-glass. What is the use of a laige ob- 
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PREFACE. 



This traatiM on Astronomy is not made on ao amaU a 
*cale for the purpose of adapdng it to young children, Aa- 
tionomy being, in the (pinion of the anther, no anbject for 
children, since nothing bnt the most superficial and leaat 
valuable truths of the science can be comprehended, until 
the mind has acquired a certain degree of maturity, and the 
powers of reflection are somewhat developed; but it ia 
comprised in so small a compass, to meet the wants of those 
who have but little time for such studies, as is the case 
with many of the pupils of our common-schools. 

Althou^ this work is projected on a small scale, yet the 
author trusts it will not be found barren or superficial, but 
full of the most valuable truths, which, when stored in the 
mind, will enlarge its comprehension of the Universe, and 
add greatly to the interest and intelligence with which the 
learner will contemplate the starry heavens. 

The greatest paina has been taken to render this treatiae ' 
plain and easy, and it is believed to be more intelligiUe to 
young leaxnera than most vrarks of the kind, with the ez- 
eepdon of anch as are eaay merely becauae they are saper- 
ficialy and contain little that is worth knowing. 
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The author's larger publications, as the ^ School Astron' 
oimf^ and <* LeUers on AstroTiomy,^ contain a fuller exposi- 
tion of the subject, also in a popular form, which will be 
read with increased interest after the perusal of these Rudi- 
ments. The ** Letters" are especially adapted for general 
reading, after the study of the simple elementary works, 
containing, as they do, much entertaining historical and 
biographical matter connected with the progress oi Astron- 
omy. 
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CHAPTER L 



DOCTRINE OF THE SPHERE, 
DErnfiTioira — ^diuknai. 9Xfoumam, 

186. AeTRoixoKY U that science wMch treats rf the 
heavenly ladies. More particularly, itg object is Ip 
teach what is known respecting the Sua, Mocm, Planets^ 
Comets, and Fixed Stars; and also to explain tha 
methods by which this knowledge is acquired. 

187. Astronomy is the ddest science in th^ woiid ; 
but it was cultivated among the ancients chiefly for the 
purposes of Astrology. Astrology W0S t%e art rffore^ 
idling fiOiure events hy the stars. Its discipl^ paro^ 
fessed especially to be able to tell from the appeara^oe 
of the i^ars at the time of siSkj one'? birtb, what would 
be his omuBe wad destiny through life; and) renpeeting 
any country, and publie events, what would be 
their fate^ what revolutions they would undei^gOf what 
wars and other calamities they would suffer, or what 
gbod fortune they would experience. Visionary a^ 

n I I ' ■ II , ■ ■ ■ ■ 11 1 1 ' III' »j 

186. Define Afltronomy— What Is its object 1 

187 AAfiqoi^ of the sciesee— For what piopow was it evltitaled 
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this art was, it nevertheless led to the careful ohsei^ 
vation and study of the heavenly bodies, and thus laid 
the foundations of the beautiful temple of modem as- 
tnxiomy. 

188. Astronomy is a delightful and interesting study, 
when clearly understood ; but it is very necessary to a 
clear understanding of it, that the learner should think 
for himself, and labor to form an idea in his mind of 
the exact meaning of all the circles, lines, and points 
of the sphere, as they are successively defined ; and 
if anything at first appears obscure, he may be assured 
that by patient thought it will clear up and become 
easy, ana then he will understand the great machinery 
of Uie heavens as easily as he does that of a clock. 
<* Patient thought," was the motto of Sir Isaac New- 
ton, the greatest astronomer that ever lived ; and no 
other way has yet been discovered of obtaining a clear 
knowlec^e of this sublime science. 

189. Let us imagine ourselves standing on a huge 
ball, ^for such is the earth,) in a clear evening. Al- 
though the earth is large, compared with man and his 
works, yet it is very small, compared with the vast 
extent of the space in which the heavenly bodies move. 
When we look upward and around us at the starry 
heavens, we must conceive of ourselves as standing 
on a small ball, which is encircled by the stars on all 
sides of it alike, as is represented over the leaf; and 
we must consider ourselves as bound to the earth by 
an invisible force, (gravity,) as truly as though we 
were lashed to it with cords. We are, therefore, in 
no more danger of fiilling off, than needles are of fall- 



among the andents 1 Define astrology. What did its dlaciples pro- 
fees 1 To what good did it lead 1 

188. What is necessary to a clear understanding of Astronomy 1 
What was the motto of Newton 1 

189. Where shall we imagine ourselTes standing 1 What is said 
of the nze of the earth 1 Are persons on the opposite side of the 
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iog from a magnet or loadstone, when they are attached 
to it on all sides. We must thus familiarize ourselves 
to the idea that «p and dovm are not absolute directions 

Fig. 95. 




in space, but we must endeavor to make it seem to us 
up in all directions from the center of the earth, and 
down on all sides toward the center. If people on the 
opposite side of the globe seem to us to have their 
heads downward, we seem to them to have ours in the 
same position ; and, twelve hours hence, we shall be 
in their situation and they in ours. We see but half 
the heavens at once, because the earth hides the other 
part from us ; but if we imagine the earth to grow less 
and less until it dwindles to a point, so as not to ob- 
struct our view in any direction, then we should see 
ourselves standing in the middle of a vast starry sphere, 
encompassing us alike on all sides. It is such a view 

earth in danger of falling oiTI What idea most we form of up and 
doium f How should we view the heavens if the earth ware so 
small as not to obstruct our view 1 
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of dM heftipeos tbftt the Mtronomer has eoBtimiaHj ki 
the eye of his muid. 

190. We sie apt ta brmg along wilh us the first 
impressions of childhood ; namely, that the sun, moon, 
and stars, are all fixed on the suHace of the sky, which 
we imagine to be a real surface, like that of an arched 
ceiling ; but it is time now to dismiss such childish no- 
tions, and to raise our thoughts to more just views of 
the creation. Our eyesight is so limited that we can- 
not distinguish between different distances, except 
for a moderate extent ; beyond, all objects seem to us 
at the same distance, whedier they are a hundred or a 
million miles off. The termination of this extent of 
our vision being at equal <£stances on all sides of us, 
we appear to stand under a vast dome, which we call 
the sky. The azure color of the sky, when clear, is 
nothing else than that of the atmosphere itself, which, 
though colorless when seen in a small volume, betrays 
a hue peculiar to itself when seen through its whole 
extent. Were it not for the atmosphere, &e sky would 
appear black, and the stars would seem to be so many 
gems set in a black ground. 

191. For the purpose of determining the relative 
8ituati(»i of places, both on the earth and in the heav- 
ens, the various circles of the sphere are devised ; 
but before contemplating the sphere marked up as ar- 
tificial representations cf it are, we must think of our- 
selves as standing on the earth, as on a point in the 
midst oi boundless space, and see, with our mental eye, 
the pure sphere of the heavens, undefaced with any 
such rude lines. If we could place ourselves on any 



190. What enroBeoiM concepttons are we apt to form in chiMhood 
of the mm, moon, and stan 1 Impoenbility of dietiiigu^hing ikfier- 
eat distances by the eye. Under what do we appear to stand *! To 
what is the blue color of the skv owing 1 

191. For what porpoae are the circles of the sphere devised 1 
What most we do before stndyiog the artificial RpresentatioBS of 
the sphere 1 If we could stand on one of the staro, what sboold we 



J 
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ene of the stars, we should see a starry firmainent over 
oor heads, similar to that we see now. But although 
we obtain the most oorreot and agreeable, as well as 
the most sublime views of the heavenly bodies, when 
we think of them as they are in nature — bodies scat- 
tered at great distances from each other, through bound- 
less space — ^yet we cannot make much progress in the 
science of astronomy, unless we learn the artificial di- 
visions of the sphere. Let us, therefore, now turn our 
attention to these. 

192. The definitk>n8 of the diJSerent lines, points^ 
and circles^ which are used in astronomy, and the 
propositioiw feunded on them, compose the doctrine of 
IJke jEpAere* Belbre these definitions are given, let us 
attend to a ibw particulars respecting the method of 
measuiti^ angles. (See Fig. 96.) A line drawn 

from the center to the 
^* ^ circumferonce of a cir- 

ele, is called a radius, as 
CD, CB, orCK. Any 
part of the circumfer- 
eace of a circle is called 
an are, as A B, or B D. 
An angle is measured by 
an are, included between 
two radii. Thus, in fig- 
ure 96, the angle in- 
cluded between the two 
radii, C A and C B, that 
is, the angle A C B, is 
measured by the arc A B. Every circle is divided 
into 360 equal parts, called degrees ; and any arc, as 
A B, CGHitaine a certain number of degrees, according 




see 1 When do we obtain the most agreeable and sublime views of 
t^ heavenly bodies 1 What ehe is necessary to onr progress 1 

1192. Define ^e doctrine of the sphere. What is the radios of a cir 
de— 4n aic— an angk 1 Explain oy Fig. 96. Into how many de- 
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to its length. Thus, if an arc, A B, contains 40 
degrees, then the opposite angle is said to be an angle 
of 40 degrees, and to be measured by A B. But this 
arc is the same part of the smaller circle that E F is 
of the greater. The arc A B, therefore, contains the 
same number of degrees as the arc E F, and either 
may be taken as the measure of the angle A C B. As 
the whole circle contains 360 degrees, it is evident that 
the quarter of a circle, or quadrant^ contains 90 degrees, 
and that the semi-circle contains 180 degrees. 

103. A section of a sphere, cut through in any 
direction, is a circle. Greai circles are those which 
pass through the center of a sphere, and divide it into 
two equal hemispheres. Small circles are such as do 
not pass through the center, but divide the sphere into 
two unequal parts. This distinction may be easily 
exemplified by cutting an apple first through the center, 
and then through any other part.* The first section 
will be a great, and the second a small circle. The 
axis of a circle is a straight line passing through its 
center at right angles to its plane. If you cut a circle 
out of pasteboard, and thrust a needle through the center, 
perpendicularly, it will represent the axis of the circle. 
The pole of a great circle, is the point on the sphere 
where its axis cuts through the sphere. Every great 
circle has two poles, each of which is everywhere 90 
degrees from that circle. All great circles of the sphere 
cut each other in two points, diametrically opposite, and 
consequently their points of section are 180 degrees 

* It it itrongly recommeiided that jooBf^ leamen be taught to verify the de* 
finltianB in the manner here piopcwed. 



grees is every circle divided 1 Does the arc of a small circle contain 
me same number of degrees aa the corresponding arc of a large 
circle 1 How many degrees in a quiulrant— in a semi-circle 1 
. 193. What figure does any section of a sphere produce 1 Define 
great circles— imatf circles. How may this distinction be exempli- 
fied 1 Define the axis of a circle—the pole. How many poles has 
•vary sreat circle 1 How many degrees is the pole from the circom 
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apart. Thus, if we cut the apple through the ciente^ 
in two different directions, we shall find that the points 
where the circles intersect one another, are directly 
opposite to each other, and hence the distance betweea 
them is half round the apple, and, of course, 180 de- 
grees. A point on the sphere, 90 degrees distant from 
any great circle, is the pole of that circle ; and every 
circle on the globe, drawn from the pole to the circum- 
ference of any circle, is at right angles to it. Such a 
circle is called a secondary of the circle through whose 
pole it passes. \^ 

194. In order to fix the position of any place, either 
on the surface of the earth or in the heavens, both the 
earth and the heavens are conceived to be divided into 
separate portions, by circles which are imagined to cut 
through them in various ways. The earth, thus 
intersected, is called the terrestrial, and the heavens 
the celestial sphere. The great circles described on 
the earth, extended to meet the concave sphere of the 
heavens, become circles of the celestial sphere. 

The Horizon is the great circle which divides the 
earth into upper and lower hemispheres, and separates 
the visible heavens from the invisible. This is the 
rational horizon : the sensible horizon is a circle touch- 
ing the earth at the place of the spectator, and is 
bounded by the line in which the earth and sky seem 
to meet. The poles of the horizon are the zenith and 
nadir. The zenith is the point directly over our heads ; 
the nadir, that directly under our feet. The plumb- 
line, (such as is formed by suspending a bullet by a 
string,) coincides with the axis of the horizon, and 
consequently is directed toward its poles. Every 

ference 1 How does a great circle passing through the pole of another 
great circle cut the circle 1 What is such a circle called 1 

194. How are the earth and heavens conceived to be divided 1 
What is the terrestrial, and what the celestial sphere 1 How do 
terrestrial circles become celestial 1 Define the horizon. Distinguish 
between the rational and the sensible horizon. Define the aenith 

2 
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place on the surfiice of the earth has its own horizon ; 
and the traveller has a new horizon at every step, 
always extending 90 degrees from him in every 
direction. 

195. Vertical circles are those which pass through 
the poles of the horizon, (the zenith and nadir,) perpen- 
dicular to it. The Meridian is that vertical circle 
which passes through the north and south points. The 
Prime Vertical, is that vertical circle which passes 
through the east and west points. The altitude of a 
heavenly body, is its elevation above the horizon, 
measured on a vertical circle ; the azimuth of a body 
is its distance, measured on the horizon, from the meri- 
dian to a vertical circle passing through that body ; and 
die amplitude of a body is its distance, on the horizon, 
north or south of the prime vertical. 

196. In order to make these definitions intelligible 
and familiar, I invite the young learner, who is anxious 
to acquire clear ideas in astronomy, to accompany me 
some fine evening under the open sky, where we can 
bave an unobstructed view in all directions. A ship 
at sea would afibrd the best view for our purpose, but 
a level plain of great extent will do very well. We 
carry the eye all round the line in which the sky seems 
to rest upon the earth : this is the horizon. I hold a 
line with a bullet suspended, and this shows me the 
true direction of the axis of the horizon ; and I look 
upward in the direction of this line to the zenith, 
directly over my head, and downward toward the 
nadir. If I mark the position of a star exactly in the 
zenith, as indicated by the position of the plumb.line, 



and nadir. Toward what points is the plumb line directed 1 How 
many horizons can be imagined 1 

195. Define vertical cifcies— the meridian—the prime vertical— 
nltitode— azimuth nini||tede. 

196. Wh- ^^^Mlder to make these definitions intelli- 
mble aiv* Imation would afiford the best view 1 
IJeicri^ '^<e the position of the axis oi 
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and then turn round and look upward toward the zenithi 
I shall probably not see the star, because I do not look 
high enough. Most people will findi if they first fix 
upon a star as being in the zenith when their, faces are 
toward the south, and then turning round to the north, 
fix upon another star as near the zenith, (without 
reference to the first,) they will find that the two stars 
are several degrees &P&rt, the true zenith being half 
way between them. This arises from the difficulty of 
looking directly upward. / 

197. Having fixed upon the position of the zenith, 1 
will pdnt my finger to it, and carry the finger down to 
the horizon, repeating the operation a number of times, 
from the zenith to different points of the horizon : the 
arcs which my finger may be conceived to trace out 
on the face of the sky, are arcs of vertical circles. I 
will now direct my finger toward the north point of 
the horizon, (having previously ascertained its position 
by a compass,) and carry it upward through the 
zenith, and down to the south point of the horizon : 
this is the meridian. From the south point, I carry 
my finger along the horizon, first toward the east, 
and then toward the west, and I measure off arcs of 
azimuth. I might do the same from the north point, 
for azimuth is reckoned east and west from either the 
north or the south point. I will again direct my 
finger to the western point of the horizon, and carry 
it upward through the zenith to the east point, and 
I shall trace out the prime vertical. From this, 
either on the eastern or the western side, if 1 
carry my finger along the horizon, north and south, 
I shall trace out arcs of amplitude. I will finally fix 



the horizon— the zenith and nadir. Difficolty of looking directly to 
(he zenith. 

197. How to mark out with the finger vertical eirdesT-Ihe meri- 
dian— arcs of azimuth-^the prime yertical— area of amplitude ~ 
of altitodel 
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m7 eye on a certain bright star, and try to determine 
hpw far it is above the b^rizon. This will be its alti- 
tude. It appears to be about one tiiird of the way 
fkom the horiaaon to the zenith ; then its altitude is 30 
degrees. But we are apt to estimate the number of 
degrees near the horizon too large, and near the zenith 
too small, and therefore I look again more attentively, 
laaklng some allowance for this source of error, and 
judge the altitude of the star to be about 27 degrees, 
and of course its zenith distance 63 degrees. 

198. The Axis of the earth, is the diameter on which 
the earth is conceived to turn in its daily revolution 
firom west to east. The same line continued until it 
meets the concave of the heavens, constitutes the axis 
of the celestial sphere. We will take a large round 
apple, and run a knitting-needle through it in the di- 
rection of the eye and stem. The part of this that 
lies within the apple, represents the axis of the earth, 
and its prolongation (conceived to be continued to the 
sky,) the axis of <the heavens. We do not suppose 
that there is any such actual line on which the earth 
turns, any more than there is in a top on which it 
spins; but it is nevertheless eonvenient to imagine 
such a line, and to represent it by a wire.* The poles 
of the earth are the extremities of the earth's axis ; 
the poles of the heavens are the extremities of the ce- 
lestial axis. 

199. The Equator is a great circle, cutting the axis 
of the earth at right angles. The intersection of the 
plane of the equator with the surface of the earth, con- 

* Experience sliows that It is necessary to guard young learners from the 
enor of auppoBiog that our artificial re|M«aentatiomi of Uie apfaere actually 
represent things as they are in nature. 



198. Define the axis of the earth— axis of the celestial sphere. 
How are both represented by means of an apple % Is there any 
such actual line on which the earth turns 1 Distinguish between th« 
poles of the earth and the poles of the heavens. 
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stitutes the terrestrial^ and its intersection with the 
concave sphere of the heavens, the celesHal equator. 
We have before seen (Art. 195) that every place on the 
earth has its own horizon. Wherever one stands on 
the earth, he seems to be in the center of a circle 
which bounds his view. If he is at the equator, this 
circle passes through both the poles; or, in other 
words, at the equator the poles lie in the horizon.. 
Let us imagine ourselves standing there on the 21st 
of March, when the sun rises due east and sets due 
west, and appears to move all day in the celestial 
equator, and let us think how it would seem to see the 
sun, at noon, directly over our heads, and at night to 
see the north star just glimmering on the "north point 
of the horizon. If we sail northward from the equa- 
tor, the north star rises just as many degrees above the 
horizon as we depart from the equator ; so that by the 
time we reach the part of the globe where we live, 
the north star has risen almost half way to the zenith, 
and the axis of the sphere which points toward the 
north star, seems to have changed its place as we have 
changed ours, and to have risen up so as to make d 
large angle with the horizon, and the sun no longer y / 
mounts to the zenith at noon. r 

200. Now it is not the earth that has shifted its po- 
sition ; this constantly maintains the same place, and . 
so does the equator and the earth's axis. Our hcmzon 
it is that has changed ; as we left the equator, a new 
horizon succeeded at every step, reaching constantly 
farther and farther beyond the pole of the earth,^ or 
dipping constantly more and more b^low the celestial 
pole ; but being insensible of this change in our hori- 

199. Define the equator. DiMinetion between the terrestrial and 
the eeleetial equator. Where do the poles of the equator he 1 How 
would the sun appear to more to a spectator on the equator 1 
Where would the north star appear 1 How, when we sail northward 
from the equator 1 What apparent change in the earth's axisi 

aoo. What has caused these chanses 1 If we sail quite to the north 

2* 
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ZOD, the pole it is that seems to rise, and if we were 
to sail quite to the north pole of the earth, the north 
star would be directly over our heads, and the equator 
would have sunk quite down to the horizon ; and now 
the sun, instead of mounting up to the zenith at noon, 
just skims along the horizon all day ; and, at night, at 
8eas<ms of the year when the sun is south of the equator, 
all the stars appear to revolve in circles parallel to the 
horizon, the circles of revolution continually growing 
less as we look higher and higher, until those stars 
which are near the zenith scarcely appear to revolve 
at all. Those who sail from the equator toward the 
pole, and see the apparent paths of the sun and stars 
change so much, can hardly help believing that those 
bodies have been changing their courses ; but all these 
appearances arise merely from the spectator's chang- 
ing his own horizon, that is, constantly having new 
ones, which cut the axis of the earth at difierent an- 
gles. 

201. The LatUude of a place on the earth, is its dis- 
tance from the equator, north or south, 'the Longi- 
tude of a place is its distance from some standard 
meridian, east or west. The meridian usually taken 
as the standard, is that of the observatory of Green- 
wich, near London ; and when we say that the longi- 
tude of New York is 74 degrees, we mean that the 
meridian of New York cuts the equator 74 degrees 
west of the point where the meridian of Greenwich 
cuts it. 

202. The Eelqaic is the great circle in which the 
earth performs its annual revolution around the sun. 
It passes through the center of the earth and the cen- 
ter of the sun. It is found, by observation, that the 
earth does not lie with its axis perpendicular to the 

pole, where will the oorth star appear 1 Where the equator 1 Uow 
would the suD and stafB appear to revolve in their daily progress 1 

201. Define the latitude of a place on the earth— the loittitiidfr— 
from what place is it reckoned f 
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plane of the ecliptic, so as to make the equator coin- 
cide with it, but that it is turned about 23^ degrees 
outof a perpendicular direction, making an angle with 
the plane itself of 66| degrees. The equator, there- 
fore, must be turned, the same distance out of a coin- 
cidence with the ecliptic, the two circles making an 
angle with each other of 23^ degrees. The Eqmnoc^ 
Utd PointSj or Equinoxes^ are the points where the 
ecliptic and equator cross each other. The time when 
the sun crosses the equator in going northward, is 
called the vemai^ and in returaiug southward, the ati- 
tunrnal equinox. The vernal equinox occurs about 
the 21st of March, and the autumal about the 22d of 
September. The Solstitial Points are the two points 
of the ecliptic most distant from the equator. The 
times when the sun comes to them are called the SoiU 
sOees. The summer solstice occurs about the 22d 
of June, and the winter solstice about the 22d of De- 
cember« 

203. The ecliptic is divided into twelve equal parts, 
of 30 degrees each, called ^gnSj which, beginning at 
the vernal equinox, succeed each other in the follow- 
ing order, being each distinguished by characters or 
symbols, by which the student should be able to re- 
cognise the signs to which they severally bel(»ig when-, 
ever he meets with them. 



1. Aries, 


V 


7. Libra, 


XL 


2. Taurus, 


» 


8. Scorpio, 


m 


3. Gemini, 


n 


9. Sagittarius, 


t 


4. Cancer, 


£S 


10. Capricomus, 


\s 


5. Leo, 


sv 


11. Aquarius, 


S5 


6. Virgo, 


1« 


12. Pisces, 


H ' 



a02. Define the ecliptic. What is the angle of inclination of the 
edipiicto ihe equator 1 What are the eouinoetial P9Uiti or.eqaie 
noxea— the vernal equinox— the autumnal the aolatitiai points^ 
the iolBtices 1 When do they occur 1 

208. How 18 the ecliptic divided 1 Name the ngni of the )(oait0 
and recognise each by its character. 
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204. The position of a heavenly body is referred to 
by its right ascension and declination, as in Geography 
We determine the situation of places by their latitudes 
ftnd longitudes. Right Ascension is the angular dis- 
tance from the vernal equinox, reckoned on the oeles- 
Hal equator, as we reckon longitude on the terrestrial 
equator from Greenwich. Declinaiion is the distance 
of a body from the celestial equator, either nortxi or 
south, as latitude is counted from the terrestrial equa- 
tor. Celestiid Longitude is reckoned on the ecliptic 
from the vernal equinox, and celestial Latxhtde from 
the ecliptic, north or south. 

205. Parallels of Latitude are small circles parallel 
to the equator. They constantly diminish in size, as 
we go from the equator to the pole. The Tropics are 
the parallels of latitude which pass through the sol- 
Mices. The northern tropic is called the tropic of Can- 
cer ; the southern, the tropic of Capricorn. The Pa- 
lar Circles are the parallels of latitude that pass through 
the poles of the ecliptic, 23i degrees from the poles of 
the earth. That portion of the earth which lies be- 
tween the tropics, on either side of the equator, is called 
the Torrid Zone; that between the tropics and the 
polar circles, the Temperate Zone ; and that between 
the p>olar circles and the* poles, the Frigid Zone. The 
Zodiac: is the part of the celestial sphere which lies 
about eight degrees on each side of the ecliptic. This 
portion of the heavens is thus marked off by itself be- 
cause the paths of the planets are confined to it. 

206. After having endeavored to forjn the best idea 
we can of the circles, and of the foregoing d^nitions 
relating to the sphere, we shall derive much aid from 

2^. Define n^ht aflcension—decliiiation— celestial longitiicto>^ 
Cetestial latittide. , , . , 

205. Parallels of latitude— how do they chanse as we go fhvm 
the equator 1 The tropics— polar cudeB— tonia zone— temperate 
zone— frigid zones— zodiac. 



DOCTRINB 09 THX SPHERE. 21 

inspecting an artificial globe, and seeing how these 
Tarious particulars are represented there. But every 
learner, however young, can adopt, with great advan- 
tage, the following easy device for himself. To repre- 
sent the earth, select a large apple, (a melon, when in 
season, will be found still better.) The eye and the 
stem of the apple will indicate the position of the two 
poles of the earth. Applying the thumb and finger 
of the lefl hand to the poles, and holding the apple so 
that the poles may be in a north and south line, turn 
this little globe from west to east, and its motion will 
correspond to the daily motion of the earth. Pass a 
wire or a knitting-needle through the poles, and it will 
represent the axis of the sphere. A circle cut round 
the apple half way between the poles, will be the 
equator ; and several other cirdes cut between the 
equator and the poles, parallel to the equator, will re- 
present parallels of latitude ; of which two, drawn 23J- 
degrees from the equator, will be the tropics, and two 
others, at the same distance from the poles, will be the 
polar circles. The space between the tropics, on both 
sides of the equator, will be the ionid zone ; between 
the tropics and polar circles, the two temperate zones; 
and between the polar circles and the poles, the two 
frigid zones. A great circle cut round the apple, 
passing througli both poles, in a north and south direc- 
tion,, will represent the meridian, and several other 
great circles drawn through the poles, and, of course, 
perpendicularly to the equator, will be secondaries to 
the equator, constituting meridians, or hour circles. A 
great circle, cut through the center of the apple, from 
one tropic to the other, would represent the plane of the 



206. After forming as clear an idea as we can of the divieions of 
the sphere, to what aids eiiall we resort 1 How shall we renresent 
the earth— its poles— the daily motion— axis;-<quator—p«rdlel8 of 
latitude — ^tropics — polar circles — zones— meridians or hour j^"^"^ 
solstices — equinoctial points'! 
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ecliptic, and its intersection with the surface of the 
apple, would he the terrestrial ecliptic. The points 
where this circle meets the tropics, indicate the position 
of the solstices; and its intersections with the equator, 
ihB eqwMCtial pobiis, , ^' 



CHAPTER II. 

ASTRONOMICAL INSTRUMENTS AND OBSERVA- 
TIONS. 

TSLnCOPI — TRANSIT IICBTRUHENT — ^AITRONOMXCAL CXjOCK— «BZ- 

TANT. 

207. Wherever we are situated on the surface of the 
earth, we appear to be in the center of a vast sphere, 
on the concave surface of which all celestial objects 
are inscribed. If we take any two points on the sur- 
face of the sphere, as two stars, for example, and 
imagine straight lines to be drawn from them to the eye, 
the angle included between these lines will be measured 
by the arc of the sky contained between the two 

Fig. 97. 




points. Thus, if D B H, Fig. 97, represents the con- 

207. How to measore the angular distance between two stan. 
dttstrate by Fig. 97. Why may we measure the angle on the anaU 
circle GF&1 



f 
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cave surface of the sphere, A, B, two points on it, as 
two stars, and C A, C B, straight lines drawn from the 
spectator to those points, then the angular distance be- 
tween them is measured by the arc A B, or the angle 
A C B. But this angle may be measured on a much 
smaller circle, G F K, since the arc E F will have 
the same number of degrees as the arc A B. 

208. The simplest mode of taking an angle between 
two stars, is by means of an arm opening at the joint 
like the blade of a penknife, the end of the arm moving 
like C E upon the graduated circle G F K. In fact, 
an instrument constructed on this principle, resembling 
a carpenter's rule with a folding joint, with a semicircle 
attached, constituted the first rude apparatus for meas- 
uring the angular distance between two points on the 
celestial sphere. Thus, the sun's elevation above the 
horizon might be ascertained by placing one arm of 
the rule on a level with the horizon, and bringing the 
edge of the other into a line with the sun's centre. 
The common surveyor's compass afibrds a simple ex- 
ample of angular measurement. Here the needle lies 
in a north and south line, while the circular rim of the 
compass, when the instrument is level, corresponds to 
the horizon. Hence, the compass shows the azimuih 
of an object, or how many degrees it is east or west 
of the meridian. In several astronomical instruments, 
the telescope and graduated circles are united; the 
telescope enables us to see minute objects or points, 
and the graduated circle enables us to measure angu- 
lar distances from one point to another. The most im- 
portant astronomical instruments are the Telescope, the 
Transit Instrument, the Astronomical Clock, and the 
Sextant. 



206. What is the nmplest mode of taking the angle between two 
stani Example of angular measurement oy the ■onreyor'a eom- 
pas. What angle or arc does it measure 1 Why do some inilro> 
ments unite the telescope with a graduated circle f 
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209. The Telescope has been already described and 
its principles explained, (Art. 184.) We have seen 
that it aids the eye in two ways : first, by collecting 
and conveying to the eye a larger beam of light than 
would otherwise enter it, thus rendering objects more 
distinct, and many visible that would otherwise be in- 
visible for want of sufficient light ; and, secondly, by 
enlarging the angle under which objects are seen, and 
thus bringing distinctly into view such as are invisible, 
or obscure to the naked eye from their minuteness. 
When the telescope is used by itself, it is for obtain- 
ing brighter and more enlarged views of the heavenly 
bodies, especially the moon and planets. With the 
larger kinds of telescopes, we obtain many grand and 
interesting views of the heavens, and see millions of 
worlds revealed to us that are invisible to the naked 
eye. L^ 

•210. The Transit Instrument (Fig. 98, p. 198) is a 
telescope firmly fixed on a stand, so qs to keep it per- 
fectly steady, and permanently placed in the meridian. 
The object of it is to determine when bodies cross the 
meridian, or make their transit over it ; or, in other 
words, to show the precise instant when the center of 
a heavenly body is on the meridian. The Astronomi- 
cal Clock is the constant companion of the transit in- 
strument. This clock is so regulated as to keep exact 
pace with the stars, which appear to move round the 
earth from east to. west once in twenty-four hours, in 
consequence of the earth turning on its axis in the 
same time from west to east. The time occupied in 
one complete revolution of the earth, (which is indica- 
ted by the interval occupied by a star from the me- 



M9> How does the telescope aid the eye 1 When the telescope is 
used by itself, for what purpose is it 1 What views do we obtain 
with the larger kinds of telescopes 1 

SIO. Define the Transit Instrument. What is the object of it % 
What does it show 1 What instrument accompanies it 1 With 
what does the astronomical clock keep pace 1 what occasions the 
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lidian round ta the tneridian agaiSv) is called a tidtreal 
day. It is, as we shall eee hereafter, shorter than the 



solar day as measured by the return of the sud to the 
meridian. The aalronomioal clock is so regulated as 
to measure the progress of a star, indicating an hour 
for every fifteen degrees, and twenty-four houra for the 
whole period of the revolution of a star. Sidereal time 
commences when the vernal equinox is on the meridian, 
just as eolar time commences when the bud is on the 
meridian. 



26 A8TROKOMT, 

211. Any thing becomes a measure of time which 
divides duration equally. The celestial equator, there- 
fore, is precisely adapted to this purpose, since, in the 
daily reyolution of the heavens, equal portions of it 
pass under the meridian in equal times. The only 
difficulty is, :o ascertain the amount of these portions 
for given intervals. Now the astronomical clock 
shows us exactly this amount, for, when regulated to 
sidereal time, the hour hand keeps exact pace with the 
vernal equinox, revolving once on the dial plate of the 
clock while the equator turns once by the revolution 
of the earth. The same is true, also, of all the small 
circles of diurnal revolution : they all turn exactly at 
the same rate as the equator, and a star situated any. 
where between the equator and the pole, will move in 
its diurnal circle* along with the clock, in the same 
manner as though it were in the equator. Hence, if 
we note the interval of time between the passage of 
any two stars, as shown by the clock, we have a meas- 
ure of the number of d^rees by which they are distant 
from each other in right ascensicm. We see now how 
easy it is to take arcs of right ascension : the transit 
instrument shows us when a body is on the meridian ; 
the clock indicates how long it is since the vernal equi- 
BOX passed it, which is the right ascension itself. (Art. 
204.) It also tells us the d^erence of right ascension 
between any two bodies, simply by indicating the dif- 
ference in time between their periods of passing the 
meridian. I observed a star pass the central wire of 
the transit instrument (which was exactly in the me- 
lidian) three hours and fifteen minutes of sidereal time ; 
hence, as one hour equals fifteen degrees, three hours 

211. How may any thing become a meaanre of time t Why is the 
eeleatial eqnator peculiarly adapted to this purpose 1 What is the 
only difficulty 1 How does the astronomical clock show us what por- 
tion of the equator passes under the meridian 1 Do the parallels of 
latitude torn at the same rate with the equator 1 How do we meaa- 
are the difTeience of light ascension between two stan, by means 



f 
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and a quarter must have equalled forty-eight degrees 
and three quarters, which was the right ascension of 
the star. Two hours and three quarters afterward, 
that is, at six hours sidereal time, I observed another 
star cross the meridian. Its right ascension roust have 
been ninety degrees, and consequently the difierence 
of right ascension of the two, forty-one and a quarter 
degrees. 

212. Again, it is easy to take the declination of a 
body when on the meridian. By declination, we must 
recollect, is meant the distance of a body north or south 
of the celestial equator. When a star is crossing the 
meridian line of the transit instrument, the point of the 
meridian toward which the telescope is directed at 
that instant, will be shown on the graduated circle of 
the instrument, and the distance of that point from the 
zenith, subtracted from the latitude of the place of ob- 
servation, will give the declination of the star. We 
have before seen, that when we have found the right 
ascensions and declinations of the heavenly bodies, we 
may lay down their relative situations on a map, just 
as we do those of places on the earth by their latitudes 
and longitudes. /- 

213. The Sextant is an instrument used for taking 
the angular distance of one point from another on the 
celestial sphere. It is particularly valuable for meas- 
uring celestial arcs at sea, because it is not, like most 
astronomical instruments, af!ected by the motion of the 
ship. The principle of the sextant may be briefly 
described as follows : it gives the angular distance be- 
tween any two objects on the celestial sphere, by. re* 
fleeting the image of one of the objects so as to coin- 



of the elockl Describe the mode of taking right aacensioiis with 
the transit instrament and clock. 

212. What is the declination of a body 1 How taken when on 
the meridian 1 

218. For what is the Sextant used 1 For what is it particularly 



die wWb tlw other <Aject m seoi hj the naked eye. 
"nia ■TO through whidi the reflector is turned to bring 
the reflected object to coincide with the other object 
faeoome* a meuure of the angular distance between 
Aem. The instrument is of a triangular shape, and 



is made strong and firm by metallic cross-bars. It 
has two small mirrors, I, H, called respectively, the 
index glass and the horizon glass, both of which are 
firmly fixed perpendicularly to the plane of the in- 
strument. The inden glass is attached to the movable 
arm, I D, and turns as this is moved along the gradu- 

niaablel Stale its principle- Dfecribe the Seitant Point oat 
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Med limb, B F. This ami earries a YermtT at D, a 
contrivaaoe which enables us to read ofi* minute parts 
of the sfMices mto whieh the limb is divided. Tiie 
horizon glass, H, consists of two parts ; the upper part 
being transparent or open, so that the eye looking 
through the telescope, T, can see through it a distant 
object, as a star, at S, while the lower part is a reflect- 
or. Suppose it were required to measure the dis- 
tance between the moon and a certain star, the mocm 
being at M, and the star at S. The instrument is held 
firmly in the hand, so that the eye, looking through 
the telescope, sees the star, S, through the transparent 

rirt of the horizon glass. Then the movable arm, 
D, is moved from F toward B, until the image of M 
is reflected down to S ; when the number of demes 
and parts of a degree reckcmed on the limb from F to 
the index at D, will show the angular distance be- 
tween the two bodies. The altitude of the sun above 
the horizon, at any time, may be taken by looking di- 
rectly at the line of the horizon (which is well de&ied 
at sea) and moving the index from F toward B, until 
the limb of the sun just grazes the horizon. , 



CHAPTER III. 
TIME. PARALLAX. REFRACTION. TWILIGHT. 

•IDBEBAL AND flM>LAR DATV—MBAN AND AFPABBNT TIMS*-4fOmiKON- 
TAL FA&AUiAZ— UBNQTH OF TWIUaHT IN DirrSRENT COUNTRISiL 

214. As time is a measured portion of indefinite du- 
ration, any thing or any event which takes place at 
equal intervals, may become a measure of time. But 
the great standard of time is the period of the revcdu- 

Describe the Horizon glass. Describe the mode of taking aa ob- 
senration with the Sextant. How to take the snn't altitude. 

8* 



Ikn of the eaiih on its aidsy which, by the most ezftct 
observatioos, is found to be always the same. The 
time of the earth's revolution on its axis, as already 
explained, is called a mdereal day, and is determined 
by the apparent revolution of a star in the heavens. 
This interval is divided into twenty-four Mereal hours. 
215. Solar time is reckoned by the apparent revolu- 
tion of the sun from noon to noon, that is, from the 
meridian round to the meridian again. Were the sun 
stationary in the heavens like a fixed star, the time of 
its apparent revolution would be equal to the revolu- 
tion of the earth on its axis, and the solar and sidereal 
days would be equal. But since the sun passes from 
west to east, in his apparent annual revolution around 
the earth, three hundred and sixty degrees in three 
hundred and sixty-five days, he moves eastward nearly 
a degree a day. While, therefore, the earth is turn- 
ing once on its axis, the sun is moving in the same di- 
rection, so that when we have come round under the 
same celestial meridian from which we started, we do 
not find the sun there, but he has moved eastward 
nearly a degree, and the earth must perform so much 
more than one complete revolution, before our meri- 
dian cuts the sun again. Now, since we move in the 
diurnal revolution, -fifteen degrees in sixty minutes, 
we must pass, over one degree in four minutes. It 
takes, therefore, four minutes for us to catch vp with 
the sun, after we have made one complete revolution. 
Hence, the solar day is almost four minutes longer than 
the sidereal ; and if we were to reckon the sidereal 
day twenty-four hours, we should reckon the solar day 
twenty-four hours and four minutes. To suit the pur- 



214. What may become a measore of time 1 What is the great 
standard of time 1 
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poses of society at lai^e, however, it is found more 
convenient to reckon the solar day twenty-four hours, 
and throw the fraction into the sidereal day. Then, 

24h 4m : 24h : : 24h : 23h 56m 4s. 
That is, when we reduce twenty-four hours and four 
minutes to twenty-four hours, the same proportion will 
require that we reduce the sidereal day from twenty- 
four hours to twenty-three hours fifly-six minutes four 
seconds ; or, in other words, a sidereal day is such a 
part of a solar day. 

216. The solar days, however, do not always differ 
from the sidereal by precisely the same fraction, since 
they are not constantly of the same length. Time, as 
measured by the sun, is called apparent time, and a. 
clock so regulated as always to keep exactly with the 
sun, is said to keep apparent time. But as the sun in 
his apparent motion round the earth once a year, goes 
sometimes faster and sometimes slower, a clock which 
always keeps with the sun must vary its motioir ac- 
cordingly, making some days longer than others^ The 
average length of all the solar days throughout the year, 
constitutes Mean Time. Clocks and watches are com- 
monly regulated to mean time, and therefore do not 
keep exactly with the sun, but are sometimes faster 
and sometimes slower than the sun. If one clock is 
so constructed as to keep exactly with the sun, and 
another clock is regulated to mean time, the difference 
between the two clocks at any period is the equation 
of time for that period. .The two clocks would dif[er 
most about the third of November, when the apparent 
time is sixteen and a quarter minutes faster than the 
mean time. But since apparent time is at one time 
greater and at another less than mean time, the two 

216. Do the solar days always difier from the sidereal bj the same 
fraction 1 What is apparent time 1 When is a clock said to keep 
apparent time 1 What constitutes mean time 1 How are clocks and 
watches commonly regulated 1 What is the equation of time 1 
When would the two clocks differ most, and how much 1 Wh«n 
would they be together 1 



BMMt obTknidy be sometimefl «qual to each otber. 
This 18 the oase four times a year ; namely, April 15tfa, 
June 15th, September 1st, and December 24tb. 

217. As a day is the period of the revolution of the 
earth oa its axis, so a year is the period of the Tevdu- 
tioQ of the earth around the sun. This time, which 
constitutes the astronomical year, has been ascertained 
with great exactness, and found to be d65d. 5h. 48na. 
51sec. The ancients omitted the fraction, and reck- 
oned it only 365 days. Their year, therefore, would 
end about six hours before the sun had completed his 
apparent revolution in the ecliptiCf and, of course, be 
80 much too short. In four years they would disagree 
a whole day. This is the reason why every fourth 
year is made to consist of 366 days, by reckoning 29 
days in February instead of 28. This fourth year the 
ancients called Bissextile — we call it Leap year* 

Fiff.ioa 
o p 




B 

218. Parallax is the apparent change qf place tphieh 
otjftets undergo hy hewg viewed from differevA points. 



217. What period is a year 1 Wliat is its exact length 1 How 
ktmg did the ancienta ncksm it- "^ asgikm why evcay iouith year 
is nckonad •ISdavi" • «. •- 
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as 



All objects beyond a certain moderate hmght above 
usy appear to be projected on the face of the sky ;, but 
spectators at some distance from each other refer the 
same body to different points of the sky. Thus, if 
M N (Fig. 100) represents the sky, and C and D two 
bodies in the atmosphere, a spectator at A would refer 
C to M, while one at B would refer it to N. The 
arc, M N, would measure the angle of the parallax. 
In the same manner, O P would measure the apgle 
of parallax of the body D. It is evident from the figure, 
that nearer objects have a much greater parallax than 
those that are remote. Indeed, the fixed stars are so 
distant, that two spectators a hundred millions of miles 
apart would refer a given star to precisely the same 
part of the heavens. But the moon is comparatively 
near, and her apparent place in the sky, at a given 

time, is much afiected by 
parallax. Thus, to a spec- 
tator at A, the moon would 
appear in the sky at D, 
while to one at B, it would 
appear at C. Hence, since 
the same body often appears 
at the same time differently 
situated to spectators in dif- 
ferent parts of the earth, 
astronomers have agreed to 
consider the true situation 
of a body to be that where 
it would appear in the sky 
if viewed from the center , 
of the earth. y 



Tvg, 101. 




2ld. Define pwaUax. Wbere do all objects at a eertaia height 
appear to be projected 1 How is the same body projected by di& 
ferent spectators 1 When have objects a large and when a small 
parallax 1 What is said of the fixed stars 1 Ofthemoont Whal 
dp astronomen consider the true plaoe of a body 1 



219. The change of place which a body seen in the 
horizon, by a spectator on the sarface of the earth, 
would undergo if viewed from the center, is called 
horizontal paraUax. Although we cannot go to the 
center of the earth to view it, yet we can determine 
by the aid of geometry where it would appear if seen 
from the center, and hence we can find the amount of 
the horizontal parallax of a heavenly body, as the sun 
or moon. When we know the horizontal parallax of 
a heavenly body, we can ascertain its distance from us ; 
but the method of doing this cannot be clearly under- 
stood without some knowledge of trigonometry. 

220. Refraction is a change of place which the 
heavenly bodies seem to undergo, in consequence of the 
direction of their Ught being altered -in passing through 
the atmosphere. As a ray of light traverses the atmo- 
sphere, it is constantly bent more and more, by the re- 
fraction of the atmosphere, out of its original direction. 
Now an object always appears in that direction in 
which the light from it finally comes to the eye. By 
refraction, therefore, the heavenly bodies are all made 
to appear higher than they really are, especially when 
they are near the horizon. The sun and moon, when 
near rising or setting, are elevated by refraction more 
than their whole diameter, so that they appear above 
the horizon both before they have actually risen and 
afler they have set. 

221. Twilight is that illumination of the sky which 
takes place before sunrise and after sunset, by means of 
which the day advances and retires by a gradual in- 
crease or diminution of the light. While the sun is 
within eighteen degrees of the horizon, some portion 



219. What 18 horizontal paraUax 1 What use is made of horizon- 
taloaraUazI 

220. Define refraction. How is a ray of liffht affected by travels. 
XDg the atmosobere 1 How does refraction affect the apparent places 
ttTthe heavenly bodies 1 What is said of the sun and moon 1 
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of its light is conreyed to us by means of the numerous 
reflexions from the atmosphere. At the equator, where 
tiie circles of daily motion are perpendicular to the 
horizon, the sun descends through eighteen degrees in 
an hour and twelve minutes, in tropical countries, 
therefore, the light of day rapidly declines, and aa 
rapidly advances after daybreak in the morning. At 
the pole, a constant twilight is enjoyed while the sun 
is within eighteen degrees of the horizon, occupying 
nearly tMro-thirds of the half year, when the airect 
light of the sun is withdrawn, so that the progress 
fi^m continual day to constant night is exceedmgly 
gradual. To an inhabitant of one of the temperate 
zones, the twilight is longer in proportion as the place 
is nearer the elevated pole. 



CHAPTER IV. 

THE SUN. 
DvrAHoa — ^MiiaifmjD*— anANTiTT of matter— fiPfm—iriTinuB 

AND CONVTITOTtON — ^RBVOLITTIONB— flBAflONB. 

222. The distance of the sun from the earth is about 
ninety-five millions of miles. Although, by means 
of the sun's horizontal parallax, astronomers have been 
able to find this distance in a way that is entitled to 
the fullest confidence, yet such a distance as 95,000,000 
of miles seems almost incredible. Still it is but 
small compared with the distance of the fixed stars. 
Let us make an efibrt to form some idea of this vast 
distance, which we shall do best by gradual approaches 
to it. We will then begin with so small a distance 

221. Define twilight. How far is the mm below the horizon when 
the twilieht ceases 1 How is it at the equator— at the poles— and in 
the midole latitudes 1 

222. Sistanoe ofUiesanfiromthe earth. How doesiteomptre with 



that of the fixed Stan 1 EfTort to form an idea of great distances. How 
loDgwoqJd it take a ship, moving ten miles an honr, to reach the sun t 
as. Diameter of the son. Howjnanybodies like the -earth wdnld 
it take to reach across the sun 1 How long die ship to sail over itt 
"Why it appears no luf^er % How would it appear could we approach 
nearer and neaier to It '* How is the iataaaiiy of bent prapofioned 
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MM thftt acrooB the Atlantic ocean, and follow in naind 
a ship, as she leaves the port of New York/aad aAer 
twenty days' sail reaches Liverpool. Having formed 
the best idea we can of this distance, we may then 
reflect, that it would take a ship, moving ccmstantly at 
the rate of ten miles an hour, more than a thou»uid 
years to reach the sun. 

223. The diameter of the sun is toward a million 
of miles ; or, more exactly, it is 885,000 miles. One 
hundred and twelve bodies as large as the earth, lymg ( 
side by side, would be required to reach across the solar [j 
disk ; and our ship, sailing at the same rate as before^ 
would be ten years in passing over the same space. 
Immense as is the sun, we can readily understand why 
it appears no larger than it does, when we reflect that 
its distance is still more vast. Even large objects on 
the earth, when seen on a distant eminence, or over a 
wide expanse of waters, dwindle almost to a point. 
Gould we approach nearer and nearer to the sun, it 
would constantly expand its volume until it finally filled 
the whole sky. We could, however, approach but little 
nearer the sun than we are, without being consumed 
by his heat. Whenever we come -nearer to any fire, 
the heat rapidly increases, being four times as great 
at half the distance, and one hundred times as great 
at one tenth the distance. This fact is expressed by 
saying, that heat increases as the square of the distance 
decreases. Our globe is situated at such a distance 
from the sun, as exactly suits the animal and vegetable 
kingdoms. Were it either much nearer or more 
remote, they could not exist, constituted as they are. 
The intensity of the solar light also follows the same 
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hm^ Cbnsequently, were we mudi neater the sua 
then we are, its blaze would be iasuiSlerable ; or were 
we imiGh fiirtber off, tbe light would be too dim to serve 
all the purposes of vision. 

S34. The sun is one million four hundred thousand 
(1»400»000) times as large as the earth ; but its matter 
is only about one fourth as dense as that of the earth 
being only a little heavier than water, while the average 
density of the earth is more than five times that of 
Water. Still, on account of the immense magnitude 
of the sun, its quantity of maUer is 354,000 times as 
great as that of the earth. Bodies would weigh about 
twenty-eight times as much at tbe surface of the sun 
as they do on the earth. Hence, a man weighing three 
hundred pounds would, if conveyed to the sur&ce of 
the sun, weigh 8,400 pounds, or nearly three tons and 
three quarters. A man's limb, weighing forty pounds^ 
would require to lift it a ibrce of 1,120 pounds, which 
would be beyond the ordinary power of the muscles. 
At the surface of the earth, a Ixxiy falls from rest by 
the force of gravity, in one second, 16 -f-j feet ; but at 
the surface of the sun, a body would, in the same timoy 
Ml through 449 feet. 

225. When we look at the sun through a ielesoopef 
we commonly, find on his disk a greater or less number 
of dark places, called Solar Spots. Sometimes the 
eun's disk is quite free from spots, while at other times 
we may see a dozen or more distinct clusters, each 
containing a great number of spots, some large and 
some very minute. Occasionally a single spot is so 
large as to be visible to the naked eye, especially when 

to the distance 1 Were the earth nearer the sun, what wonki be the 
eoneeqnence 1 How would its light increase 1 

224. How mnch larger is the sun than the earth 1 How much 
gi^ter is its quaotirf of matter 1 How much more would bodies 
weigh at the sun than at the earth 1 How much would a man o| 
tfavee hundred pounds weigh 1 Through what space would a foody 
All in a second 1 

2B. Solar spots— their number— oze of the largest— their apptisal 
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the son 18 near the horinm, and the glare of his l%ht 
ii taken off. Spots have heen seen more than 50,000 
inOee in diameter. They move slowly across the 
central regions of the sun. As they have all a oommoii 
motioQ from day to day across the sun's disk ; as they 
go off on one limh, and, after a certain interval, scHne- 
times come on again on the opposite limh, it is inferred 
that this apparent moticm is imparted to them by an 
actual revolution of the sun on his axis, which is 
accomplished in about twenty-five days. This is called 
the sun's diumal revolution, while his apparent move^ 
ment about the earth once a year is called his annual 
revolution. 

226. We have seen that the apparent revolution <^ 
the heavenly bodies, from east to west, every twenty- 
four hours, is owing to a real revolution of the earth cm 
its own axis in the opposite direction. This motion is 
very easily understood, resembling, as it does, the 
spinning of a top. We must, however, conceive of the 
top as turning without any visible support, and not as 
resting in the usual manner on a plane. The annual 
motion of the earth around the sun, which gives rise to 
the apparent motion of the sun around the earth once a 
year, is somewhat more difficult to understand. When, 
as the string is pulled, the top is thrown forward on 
the floor, we may see it move onward (sometimes in a 
cirole) at the same time that it spins on its axis. Let 
a candle be placed on a table, to represent the sun, 
and let these two motions be imagined to be given 
to a top around it, and we shall have a case somewhat 
resembling the actual motions of the earth around the 
sun. 



motioiia-Hrevolotion of the gun. Distinction between the dinfoal 
and mnnaal reTolutions of the sun. 

228. To what is the apparent daily motion of the ann from eaat 
to west owing t How to conceive of it 1 How to oonoeiye of dis 
aaaaal notion 1 
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2S7. When bodies are at such a distance from each 
other as the earth and sun, a spectator on either would 
project the other body upon the face of the sky, always 
seeing it on the opposite side of a great circle, one 
hundred and eighty degrees from himself. Let Fig. 

Fig. 103. 
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102 represent the relative positions of the earth and 
suD, and the firmament of stars. A spectator on the 
earth at ^, (Aries,) would see the sun in the heavens 
at £1:, (Libra ;) and while the earth was moving from 
T to a?, (Cancer,) not being conscious of our own 
motion, but observing the sun to shift his apparent place 
from £^ to V5, (Capricornus,) we should attribute the 
change to a real motion in the sun, and infer that the 
sun revolves about the earth once a year, and not the 
earth about the sun. Although astronomers have 
learned to correct this erroneous impression, yet they 
still, as a matter of convenience, speak of the sun's 
annual motion. 



227. How would a spectator oa the son or the earth, project tha 
other body 1 lUnfltiate by the Figiira. 



3S8. lift endeftTortng to obtain ft clear idea oi Ae 
refolutioD of the earth around the sun, imagine to 
Yourself a plane (a geometrical plane, having merely 
length and breadth, but no thickness,} passing through 
the centers of the sun and earth, and extended far be* 
yond the earth, until it reaches the firmament of stars. 
This is the pkme of the ecliptic ; the circle in which 
it seems to cut the heavens is the celestial ecliptic ; and 
the path described by the earth in its revolution around j 
the sun, is the earth^s orliU This is to be conceived ' 
of as near to the sun compared with the celestial eclip- | 
tic, although both are in the same plane. Moreover, 
we project the sun into the celestial ecliptic, because 
it seems to travel along the face of the starry heavens, 
since the sun and stars are both so distant that we can- 
not distinguish between them in this respect, but see 
them both as if they were situated in the imaginary 
dome of the sky. If the sun lefl a visible trace on 
the face of the sky, the celestial ecliptic would of 
course be distinctly marked on the celestial sphere, as 
it is on an artificial globe ; and were the celestial equa- 
tor delineated in a similar manner, we should then see, 
at a glance, the relative position of these two circles ; 
the points where they intersect one another constituting 
the eftdnoxes; the points where they are at the greatest 
distance asunder, being the solstices; and the angle 
which the two circles make with each other, (23® 28',) 
being the ohUquUy of the ecliptic, y 

229. As the earth traverses every part of her orbit I 

in the course of a year, she will be once at each sol- 
stice, and once at each equinox. The best way of 

228. To obtain a clear idea of the rerolution of the earth around 
the son, what device shall we emploj 1 What is the /(lone of the 
eclipticl What the celestial echpticl What the earth's orbit 1 
Into what do we project the san 1 If the sun left a visible track, 
what woald it mark out 1 If the celestial equator were delineatea 
in the aame way, what would it mark out 1 Where would be lh« 
equinoxes— the solstices 1 Wkat is the oldiquitjr 1 
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a canreot idea of her two motions, is to oon- 
ceive of her as standing still a single day, at some 
point in her orbit, until she has turned once on heir 
axis, then moving about a degree, and halting again 
until another diurnal revolution is completed. Let us 
suppose the earth at the Autumnal Equinox, the sun, of 
course, being at the Vernal Equinox. Suppose the 
earth to stand still in its orbit for twenty-four hours. 
The revolution of the earth on its axis, in this period, 
firom west to east, will make the sun appear to de- 
aeribe a great circle of the heavens from east to west, 
coinciding with the equator. At the end of this time, 
suppose the sun to move northward one degree in its 
orbit, and to remain there twenty- four hours, in which 
time the revolution of the earth will make the sun ap- 
pear to describe another circle from east to west, but 
a little north of the equator. Thus, we may conceive 
of the sun as moving one degree in the northern half 
of its orbit, every day, for about three months, when 
he will reach the point of the ecliptic farthest from the 
equator, which point is called the tropie, from a Greek 
word signifying 1o turn; because, after the sun has 
passed this point, his motion in his orbit carries him 
continually toward the equator, and therefore he seems 
to turn about. The same point is also called the sol- 
wiHcty from a Latin word signifying to 9tanA stUl; since, 
when the sun has reached its greatest northern or 
southern limit, he seems for a short time stationary, with 
regard to his annual motion, appearing for several days 
to describe, in his daily motion, the same parallel of 
latitude. 

230. When the sun is at the northern tropic, which 
happens about the 21st of June, his elevation above 
the southern horizon at noon is the greatest in the 

> r i II 1 1^ II ■!■ 1 1 I I I I I ■ I II I I I 

229. How to obtain a clear idea of the earth's two motions— de- 
mstibe the process— ^hy is the taming point called the tropict 
Vthj the solstice 1 ^« 
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j«tr; uidwhen he is at the flouthem tropic, ftbotit 
the 2l8t of Decemher, his elevation at noon is the least 
In the year. 

281. The motion of the earth, in its orhit, is nearly 
seventy times as great as its greatest motion around 
its axis. In its revolutions around the sun, the earth 
moves no less than 1,640,000 miles a day, 68,000 
miles an hour, 1,100 miles a^ minute, and 19 miles 
every second— a velocity sixty times as great as the 
greatest velocity of a cannon ball. Places on the 
earth turn with very diflerent degrees of velocity in 
different latitudes. Those on the equator are carried 
round at the rate of about 1000 miles an hour. In 
our latitude, (41^ 18',) the diurnal velocity is about 
750 miles an hour. It would seem at first quite in- 
credible that we should be whirled round at so rapid 
a rate, and yet be entirely insensible of any motion ; 
and much more that we should be going on so swiftly 
through space, in our circuit around the sun, while 
all things, when unafiected by local causes, appear to 
be in such a state of quiescence. Yet we have the 
most unquestionable evidence of the fact ; nor is it 
difficult to account for it, in consistency with the gene- 
ral state of repose among bodies on the earth, when 
we reflect that their relative motions, with respect to 
each other, are not in the least disturbed by any mo- 
tions which they may have in common. When we 
are on board a steamboat, we move about in the same 
manner when the boat is in rapid motion, as when it 
is lying still ; and such would be the case, if it moved 
steadily a hundred times faster than it does. Were 

880. When does the sim reach the northern tropic 1 How is then 
his altitude 1 When is he at the aouthem tropici His altitude 
theni 

231. How mach greater is the motion of the earth in its orbit than 
on its axis 1 How many miles per day---per hoar— per minute— ^per 
second 1 Rates of motion of places m different latitudes 1 Rate in 
latitade 41 degrees and 18 minutes 1 Why are we insensible to Uis 
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the earth, however, suddenly to stop its dtumal motion, 

all movable bodies on its surface would be thrown off 
in tangents to the surface, with velocities proportional 
to that of their diurnal motion ; and were the earth 
suddenly to halt in its orbiiy we should be hurled for- 
ward into space with inconceivable rapidity. 

232. The phenomena of the Seasons, which we 
may now explain, depend on two causes ; first, the 
inclination of the earth's axis to the plane of its orbit ; 
and, secondly, to the circumstance that the earth's axis 
always remains parallel to itself. Imagine a candle, 
placed in the center of a large ring of wire, to repre- 
sent the sun in the center of the earth's orbit, and an 
apple with a knitting-needle running through it, in the 
direction of the stem. Run a knife round the central 
part of the apple, to mark the situation of the equator. 
The circumference of the ring represents the earth's 
orbit in the plane of the ecliptic. Place the apple so 
that the equator shall coincide with the wire; then 
the axis will lie directly across the plane of the eclip- 
tic ; that is, at right angles to it. Let the apple be 
carried quite round the ring, constantly preserving the 
axis parallel to itself, and the equator all the while 
coinciding with the wire that represents the orbit. 
Now, since the sun enlightens half the globe at once, 
so the candle, which here represents the sun, will 
shine on the half of the apple that is turned toward 
it ; and the circle which divides the enlightened from 
the unenlightened side of the apple, called the iemd' 
natOTf will pass through both the poles. If the apple 
be turned slowly round on its axis, the terminator will 
pass successively over all places on the earth, giving 

great motion 1 lUastrate by a steamboat. What would be the 
consequence were the earth suddenly to stop its motions 1 

232. What are the two causes of the change of seasonal How 
illustrated 1 How will the appearances be when the apple is so 
placed that its equator coincides with the wire 1 Where will iijis 
mnrise— where sunset 1 
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tike apDMiimiice of sunrise to places at which it arrives, 
I JUDd or sunset to places from which it departs. 
^ 289. If, therefore, the earth's axis had been perpen- 
dicular lo the plane of its orbit, in which case the equator 
irould have coincided with the ecliptic, the diurnal 
motion of the sun would always have been in the equator, 
and the days and nights would have been equal all over 
the globe, and there would have been no change of 
seasons. To the inhabitants of the equatorial regions, 
the sun would always have appeared to move in the 
prime vertical, rising directly in the east, passing through 
the zenith at noon, and setting in the west. In the polar 
regions, the sun would always have appeared to revolve 
in the horizon ; while, at any place between the equator 
and the pole, the course of the sun would have been 
oblique to the horizon, but always oblique in the same 
degree. Tliere would have been nothing of those 
agreeable vicissitudes of the seasons which we now 
enjoy ; but some regions of the earth would have been 
crowned with perpetual spring ; others would have 
been scorched with a burning sun continually over- 
head ; while extensive regions toward either pole, 
would have been consigned to everlasting frost and 
barrenness. 

234. In order to simplify the subject, we have just 
supposed the earth's axis to be perpendicular to the 
plane of its orbit, making the equator to coincide with 
the edipdc ; but now, (using the same apparatus as 
before,) turn the apple out of a perpendicular position 
a little, (23^ degrees,) then the equator will be turned 
just the same number of degrees out of a coincidence 
with the ecliptic. Let the apple be carried around the 



288. GoraiMtmtiTe lengths of the days and nights 1 Appearances 
te the inhabitants of the equatonal regions "i (X the politr regions 1 
Would there h^ve been aiqr change of seasons 1 

«84 Repeat the proe esj jjfc m.W».-i il^MM' How far would 
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ring, always holding it inclined at the same angle to 
the plane of the ring, and always parallel to itself aa 




in figure 103. We shall find that there are two points, 
A and C, in the circuit, where the light of the sun 
(which always enlightens half the globe at once) 
reaches both poles. These are the points where the 
celestial equator and ecliptic cut one another, or the 
equinoxes. When the earth is at either of these points, 
the sun shines on both poles alike ; and if we conceive 
of the earth, while in this situation, as turning once 
round on its axis, the apparent diurnal motion of the 
sun would be the same as it would be, were the earth's 
axis perpendicular to the plane of the equator. For 
that day, the earth would appear to revolve in the 
equator, and the days and nights would be equal all 
over the globe. 

235. If the apple were carried round in the manner 
supposed, then, at the distance of ninety degrees from 
the equinoxes, at B and D, the same pole would be 
turned toward the sun on one side, just as much as it 



does the son then ahine with xespect to the poles 1 Wbal ^" 
be the appearances in the diurnal motion 1 
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wms toned from him on the other. In the foTtner case, 
fhe win's light would reach beyond the pole 23} degrees, 
and in the other case, it would fall short of it the same 
number of degrees. Now imagine, again, the earth 
turning in the dailj revolution, and it will be readily 
aeen how places within 23)- degrees of the enlightened 
pole, will have continual day, while places within the 
same distance of the unenlightened pole, will hare 
continual night. By an attentive inspection of figure 
103, all these things will be clearly understood. The 
earUi's axis is represented as prolonged, both to show 
its position, and to indicate that it always remains 
parallel to itself. On March 21st and September 22d, 
when the earth is at the equinoxes, the sun shines on 
both poles alike ; while on June 21st and December 
24th, when the earth is at the solstices, the sun shines 
9S^ dmees beyond one pole, and falls the same distance 
short of the other. / ^ 

236. Two causes c<xitribute to increase the heat of 
summer and the cold of winter, — the changes m the 
MoiV meridian altHudes, and in the lengths cf the daps. 
The higher the sun ascends above the horizon, the more 
directly his rays fall upon the earth ; and their heating 
power is rapidly increased as they approach a perpen- 
dicular direction. The increased length of the day in 
summer, afiects greatly the temperature of places 
toward the poles, because the inequality between the 
lengths of the day and uight is greater in proportion 
as we recede from the equator. By the operation of 
this cause, the heat accumulates so much in summer, 
that the temperature rises to a higher degree in mid- 
summer, at places far removed from the equator, than 
within the torrid zone. 



296. At the distance of 90 degrees from the equinoxes, how would 
the tmn shine with respect to tbe poiesi 

296. What two canaes coBtalHilttM MMrem the heat of summer 
and the cold of winter^ ^^snitade-^ordieiBcreaaed 

length of the day t 
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237. But the temperature of a place is influenced 
very much by several other causes, as well as by the 
force and duration of the sun's heat. First, the efevo- 
lion of a country above the level of the sea, has a 
great influence upon its climate. Elevated districts of: 
country, even in the torrid zone, often enjoy the most 
agreeable climate in the world. The cold of the upper 
regions of the atmosphere modifies and tempers the 
solar heat, so as to give a most delightful sofbless, while 
the uniformity of temperature, excludes those sudden 
and excessive changes which are often experienced in 
less favored climes. In ascending high mountains, 
situated within the torrid zone, the traveller passes, in 
a short time, through every variety of climate, from 
the most oppressive and sultry heat, to the soil and 
balmy air of spring, which again is succeeded by the 
cooler breezes of autumn, and then by the severest 
frosts of winter. A corresponding difference is seen in 
the products of the vegetable kingdom. While winter 
reigns on the summit of the mountain, its central regions 
may be encircled with the verdure of spring, and its 
base with the flowers and fruits of summer. Secondly, 
the vicinity of the ocean has also a great ef!ect to 
equalize the temperature of a place. As the ocean 
changes its temperature during the year much less than 
the land, it becomes a source of warmth to neighboring 
countries in winter, and a fountain of cool breezes in 
summer. Thirdly, the relative moisture or dryness of 
the atmosphere of a place is of great importance, in 
regard to its effects on the human system. A dry air, 
of ninety degrees, is not so insupportable as a moist 
air of eighty degrees. As a general principle, a hot 
and moist air is unhealthy, although a hot air, when 
dry, may be very salubrious. 



237. Effect of elevation— of the vicinity of the oceanr-TeUtiv« 
noifltare and drynesa. 



CHAPTER V- 

THE MOON. 

mnAXOE AMD PIAMITIR — ^APnAIUNCEfl TO THE TILBSCOPK— > 
MOURTAINf AND TAUJtTB — ^RSTOLUTION— KCLIPSES — TIDEB. 

238. The Moon is a constant attendant or satellite 
of the earthy revolving around it at the distance of 
ahout 240,000 miles. Her diameter exceeds 2,000 
miles, (2160.) Her ar^^tdar breadth is about half a 
degree, — a measure which ought to be remembered, 
as it is common to estimate fire-balls, and other sights 
in the sky, by comparing them with the size of the 
moon. The sun's angular diameter is a little greater. 

239. When we view the moon through a good tel- 
escope, the inequalities of her surface appear much 
more conspicuous than to the naked eye ; and by stu- 
dying them attentively, we see undoubted proofs that 
the face of the moon is very rough and broken, exhib- 
iting high mountains and deep valleys, and long moun- 
tainous ridges. The line which separates the enlight- 
ened from the dark part of the moon, is called the 
Terminator. This line appears exceedingly jagged, 
indicating that it passes over a very broken surface 
of mountains and valleys. Mountains are also indi- 
cated by the bright paints and crooked lines, which 
lie beyond the terminator, within the unilluminated 
part of the moon ; for these can be nothing else than 
elevations above the general level, which are enlight- 
ened by the sun sooner than the surrounding countries, 
as high mountains on the earth are tipped with the 
morning light sooner than the countries at their bases. 
Moreover, when these pass the terminator, and come 

238. or what is the moon a satellite 1 Distance from the earth — 
diameter— angular breadth. Why is it important to remember this 1 

239. How does the moon appear to the telescope 1 What is the 
Terminator 1 How does it appear 1 What does its unevenness in- 
dicate 1 What signs of mountains are there in the dark part cxf the 



within the enlightened part of the disk, they are fbr- 
ther recognised as mountains, because they cast shad- 
ows opposite the sun, which vary in length as the sun 
strikes them more or less on a level, /,/ 



340. Spots, also, on the lunar disk, are known to be 
valleys, because they exhilnt the same appearance as 
is seen wlien the sun shines into a tea cup, when ft 
strikes it very obliquely. The inside of the cup, oppo- 
dte to the sun, is illuminated in the form of a crescent. 
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(m eveiy one may see, who will take the trouble to 
tiy the experiment,) while the inside, ne^t the sun, 
casts a deep shadow. Also, if the cup stands on a 
table, the side farthest firom the sun casts a shadow 
on the table outside of the cup. Similar appearances, 
presented by certain spots in the moon, indicate very 
clearly that they are valleys. Many of them are reg- 
ular circles, and not unfrequently we may see a chain 
of mountains, surrounding a level plain of great ex- 
lent, from the center of which rises a sharp mountain, 
casting its shadow on the plain within the circle. 
Figure 104 is an accurate representation of the tele- 
scopic appearance of the moon when five days old. 
It will be seen that the terminator is very uneven, and 
that white points and lines within the unenlightened 
part of the disk, indicate the tops of mountains and 
mountain ridges. Near the bottom of the terminator, 
a little to Uie left, we see a small circular spot, sur- 
rounded by a high chain of mountains, (as is indicated 
by the shadows they cast,^ and in the center of the 
valley the long diadow or a single mountain thrown 
upon the plain. Just ahove this valley, we see a ridge 
of mountains, casting uneven shadows opposite to the 
sun, some sharp, like the shadows of mountain peaks. 
These appearances are, indeed, rather minute ; but we 
must recollect that they are represented on a very 
small scale. The most favorable time for viewing the 
mountains and valleys of the moon with a telesoc^, 
is when she is about seven days old. 

241. The full moon does not exhibit the broken as- 
pect so well as the new moon ; but we see dark and 
light regions intermingled. The dusky places .|n the 
moon were formerly supposed to consist of water, and 
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the Iwighter places, of land ; astronomem, however^ 
are now of the opinion, that there Is no water in the 
moon, hut that the dusky parts are extensive plaiast 
while the hrightest streaks are mountain ridges. £aoh 
separate place has a distinct name. Thus, a remark- 
able spot near the top of the moon, is called Tycho ; 
another, Kepler ; and another, Copernicus ; after eel* 
ehrated astronomers of these names. The lai^ 
dusky parts are called seas, as the Sea of Humors, 
the Sea of Clouds, and the Sea of Storms. Some of 
the mountains are estimated as high as five miles, and 
some of the valleys four miles deep. 

242. The moon revolves about the earth from west 
to east, once a month, and accompanies the earth 
around the sun once a year. The interval in which 
she goes through the entire circuit of the heavens, 
from any star round to the same star again, is called a 
ndereal month, and consists of about 27 J- days ; but the 
time which intervenes between one new moon and 
another, is called a fynodical month, and is composed 
of 29j^ days. A new moon occurs when the sun and 
moon meet in the same part of the heavens ; for al* 
though the sun is 400 times as distant from us as the 
moon, yet as we project them both upon the face of the 
sky, the moon seems to be pursuing her path among 
the stars as well as the sun. Now the sun, as well as 
the moon, is travelling eastward, but with a slower 
pace ; the sun moves cmly about a degree a day, while 
the moon moves more than thirteen degrees a day. 
While the moon, after being with the sun, has been 
going round the earth in 27^ days, the sun, mean- 
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,weis t]|e daik i^aeeiin tiie moon fonneiif supposed to be 1 Wlist 
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while, has been going eastward about 27 degrees ; so 
that, when the moon returns to the part of the heavens 
where she left the sun, she does not find him there, but 
takes more than two days to catch up with him. 

248. The moon, howerer, does not pursue precisely 
the same track with the sun in his apparent annual 
motion, though she deviates but little from his path. 
The inclination of her orbit to the ecliptic is only 
about ^ye degrees, and, of course, the moon is never 
seen farther from the ecliptic than that distance, 
and she is commonly much nearer to it than that. 
The two points where the moon's orbit crosses the 
ecliptic, are called her nodes. They are the utersec- 
tions of the solar and lunar orbits, as the equinoxes are 
the intersections of the equator and ecliptic, and, like 
the latter, are 180 degrees apart. 

244. The changes of the moon, Fv- 105. 

commonly called her pJuues, arise 
from different portions of her en- 
lightened side being turned toward 
the earth at different times. When 
the mooD comes between the earth 




and the sun, her dark side is turned 

for a short period, at A, (Fig. 105,) ^ ^ 



toward us, and we lose sight of her 



f 



when she is said to be in conjunc- ^ 

turn. As soon as she gets a little O^' ^P^ ^^ 
past conjunction, at B, we first 
observe her in the evening sky, rP !B^ 

in the form of a crescent, — ^the ^ ^ 

well known appearance of the new ^ 

moon. When at C, half her enlightened disk is turned to- 
ward us, and she is in quadrature, or in her first quarter. 



2tf . How many degrees is the moon's orbit inclined to the eelip- 
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At D, thTee-fourths of the disk is illuminated, and at E, 
when the earth lies between the sun and the «Kx>n, her 
whole disk is enlightened, and she is in opposition, the 
time of full moon. In proceeding from opposition to 
ooDJunctiony or from full to new moon, the illuminated 
portion diminishes in the same way as it increased from 
conjunction to opposition, being in the last quarter, at 
G. Within the first and last quarters, the terminator 
is turned from the sun, and the moon is said to be 
homed ; but within the second and third quarters, the 
terminator presents its concave side toward the sun, 
and the moon is said to be gibbous, 

245. The moon turns on her axis in the same time 
in which she revolves about the earth. This is known 
by the moon's always keeping nearly the same face 
toward us, as is indicated by the telescope, which 
could not be the case, unless her revolution on her 
axis kept pace with her motion in her orbit. Take an 
apple to represent the moon : thrust a knitting-needle 
through it in the direction of the stem, to represent the 
axis, in which case the two eyes of the apple will nat- 
urally represent the poles. Through the poles, cut a 
line around the apple, dividing it into two hemispheres, 
and mark them so as to be readily distinguished from 
each other. Now place a ball on the table to repre- 
sent the earth, and holding the apple by the knitting- 
needle, carry it round the ball, and it will be seen thati 
unless the apple is made to turn about on its axis, as 
it is carried around the ball, it will present diflferent 
sides toward the ball ; and Uiat, in order to make it 
always present the same side, it will be necessary to 
make it revolve exactly once on its axis, while it is 



Mtionl What £gare has the mooa in the fint and last qnarttnl 
What in the second and third 1 
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Soing round the circle, — the revolutioa on its axis 
eepinff vxact pace with the motion in its orbit. '[Hie 
same thing will be observed, if we walk aroand a tiee, 
always keeping the &oe toward the tree. It will be 
necessary to turn round on the bed at the same rate 
as we go forward round the tree. 

246. An Eelipae of the Mwm happens when tiie 
moon, in its revolution around the earth, &Us into the 
earth's shadow. An EcUp»e cfthe Sun happens iHien 
the moon, coming between the earth and the sun, ooV' 
era either a part or the whole of the solar disk. As 
the direction of the earth's shadow is, of course, op- 
posite to the sun, the moon can fall into it only when 
in opposition, or at the time of full moon ; and as the 
moon can come between us and the sun only when in 
conjunction, or at the time of new moon, it is only 
then that a solar eclipse can take place. If the moon's 
aMi lay in the plane of the ecliptic, we should have 
a solar eclipse at every new moon, and a lunar eclipse 
at every full moon ; but as the moon's orbit is inclined 
to the plane of the ecliptic about five degrees, the 
moon may pass by the sun on one side, and Sie earth's 
shadow cm the other side, without touching either. It 
is only when, at new moon, the sun happens to be at 
cr near the point where the lunar orbit cuts the plane 
of the ecliptic, or at one of the nodes, that the moon's 
disk overlaps the sun's, and produces a solar eclipse. 
Also, when the sun is at or near one of the moon's 
nodes, the earth's shadow is thrown across the other 
node, on the opposite side of the heavens, and then, 
as the moon passes through this node, at the time of 
opposition, she falls within the shadow, and produces 
a lunar eclipse. 

ML '^IHafti^ dOM an edipw of the moon happen 1 When an 
«d&v»^ qC V^ mal hX what age of the moon does it eclipse the 
iKBr— and «L ^kax an does it suffer eelipee 1 Why do not eclipses 

QM»f n fswpf leKlwtna 1 At or near what point most the sonbe, 

taocdei thm m ec&fM may take place 1 



347. Figure 106 represents both kinds of eolEpMS. 
The shadow of the moon, when in oonjunotion, is 
r^Ksented u just long enough to rexoh the earth, u 



is the case when the moon is at or about her average 
distance from the earth. In this case, a spectator on 
the earth, situated at the place where the point of the 
shadow touches the earth, would sea the aun totally 
eclipsed for an instant, while the countries around, for 
a considerable distance, would see only a partial 
eclipse, the moon hiding only a part of the sun, which 
sheds on such places a partial light, called the penitm- 
hra, as is indicated in the figure hy the dark shading 
on each side of the moon's shadow. A similar pe- 
numbra is represented on each fflde of the eartn's 
shadow, because, when the moon is approaching the 
shadow, a part of the light of the sun begins to be in- 
tercepted from her when she reaches this limit, and 
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■be receives less and less of light from the sun, until, 
when she enters the shadow, his disk is entirely hidden. 
When the nooon is farther from the earth than her 
average distance, her disk is not large enough to cover 
the sun's, but a ring of the sun appears all around the 
mooti, constituting an annular eclipse. 

248. Bclipses of the sun are more frequent than 
those of the nrKx>n. Yet, lunar eclipses, being visible 
to every part of the hemisphere of the earth in which 
the moon b above the horizon, while those of the sun 
are visible only to a small portion of the hemisphere 
on which the moon's shadow falls, it happens that, &t 
any particular place on the earth, there are seen more 
eclipses of the moon than of the sun. In any year, the 
number of eclipses of both luminaries cannot be less 
than two, nor more than seven. The most usual 
number is four, and it is very rare to have more than 
six. A total eclipse of the moon frequently happens 
at the next full moon after an eclipse of the sun. For, 
since, in a solar eclipse, the sun is at or near one of 
the moon's nodes, — ^that is, is projected to the place in 
the sky where the moon crosses the ecliptic, — the earth's 
shadow, which is, of course, directly opposite to the 
sun, must be at or near the other node, and may not 
have passed too far from the node before the moon 
comes round to the opposition and overtakes it. 

249. A total eclipse of the sun is one of the most 
sublime and impressive phenomena of Nature. Among 
barbarous tribes, it is always looked on with fear and 
astonishment, and as strongly indicative' of the wrath 
of the gods. When Columbus first discovered America, 

218. Which are moat frequentTthe eclipses of the son or the riood t 
Of which are the greatest Dumber visible 1 What number of both 
can happen in a single yearl What is the roost usual nuoiberl 
Why does an eclipse of the moon happen at the next full moon 
after an eclipse of the sun 1 

249. What is said of an eclipse of the sun 1 What is told of 
Columbusi Why is a total eclipse of tho son r^iaided with no 



and was in danger of hostility from the natives, he 
awed them into submission by telling them that the sun 
would be darkened on a certain day, in token of the 
anger of the gods at them for their treatment of him. 
Among cultivated nations, also, a total eclipse of the 
sun is regarded with great interest, as verifying with 
astonishing exactness the predictions of astronomers, 
and evincing the great knowledge they have acquired of 
the motions of the heavenly bodies, and of the laws by 
which they are governed. From 1831 to 1838, was a 
period distinguished for great eclipses of the sun, in 
which time there were no less than five, of the most 
remarkable character. The next total eclipse of the 
sun, visible in the United States, will occur on the 7th of 
August, 1869. 

250. Since Tides are occasioned by the influence 
of the sun and moon, a few remarks upon them will 
conclude the present chapter. By the tides are meant 
the alternate rising and falling of the waters of the 
ocean. Its greatest and least elevations aie called Jdgh 
and low water; its rising and falling are called flood and 
ehb ; and the extraordinary high and low tides that 
occur twice every month, are called spring and neap 
tides. It is high water, or low water, on opposite sides 
of the globe at the same time. If, for example, we have 
high water at noon, it is also high water to those who 
live on the meridian below us, where it is midnight. 
In like manner, low water occurs at the same time on 
the upper and lower meridian. The average height of 
the tides, for the whole globe, is about two and a half 
feet ; but their actual height at different places is very 
various, sometimes being scarcely perceptible, and 



much interest amone cultivated nations 1 What period was distin- 
guished for great eclipses of the sun 1 When wiU the next total 
eclipse of the sun occur 1 

aea what are the tides 1 What is meant by high and low water 
—flood and ebb—spring and neap 1 Where is it high water and 



56 ASimovomr. 

•ooMCiines rinng to nzty or aeTenty feet. In the Bay 
of Fnodjf where the tide rises 70 feet, it comes in a 
mighty wave, seen thirty miles off, and roaring with a 
lotid noise. 

251. Tides are eansed by the unequal attracti<Hi of 
the sun and moon upon difierent fmrts of the earth. We 
shall attend hereafter more particularly to the subject 
of unirerBal gravitation, by which all bodies, or masses 
of matter, attract all other bodies, each according to its 
weight, when Ihey act on a body at the same distance ; 
but when at diflbrent distances, the force increases 
rapidly as the distance is diminished, so that the force 
of attraction is four times as great for half the distance, 
one hundred times as great for one t^ith the distance, 
and, universally, the force increases in proportion as 
the square of the distance diminishes. Such a finrce as 
this is exerted by the moon and by the sun upon the 
earth, and causes the tides. As the sun has vastly 
more matter than the moon, it would raise a higher tide 
than the moon, were it not so much farther off. This 
latter circumstance gives the advantage to the moon, 
which has three times as much influence as the sun in 
raising the tides. If these bodies, one or both of them, 
acted equally on all parts of the earth, they would draw 
an parts toward them alike, but would not at all disturb 
the mutual relation of the parts to each other, and, of 
course, would raise no tide. But the sun or moon 
attracts the water on the side nearest to it more than 
the water more remote, and thus raises them above the 
general level, forming the tide teave, which accompanies 
lie moon in her daily revolution around the earth. It 
is not difficult to see how the tide is thus raised on the 

taasssas '■ 
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side of the meridian nearest to the moon ; hut it txmj 
noC he so clear why a tide should at the same time he 
raised on the opposite meridian. ^The reason of this is, 
that the waters farthest from the moon, heing attracted 
less than those that are nearer, and less than the solid 
earth, are left heMndy or appear to rise in a direction 
opposite to the center of the earth. Hence, we have 
two tides every twenty-four hours,-— one when the 
moon passes the upper meridian, and one when she 
passes the lower. Each, however, is about fifty 
minutes later to-day than yesterday, for the moon 
comes to the meridian so much later on each ibllowing 

252. Were it not K>r the impediments which prevent 
the force from producing its full effects, we might expect 
to see the great tide wave always directly beneath the 
moon, attending it regularly around the globe. But the 
inertia of the waters prevents their instantly obeying 
the moon's attraction, and the friction of the waters on 
the bottom of the ocean still further retards its progress. 
It is not, therefore, until several hours after the moon 
has passed the meridian of a place, that it is high tide 
at that place. 

253. The sun has an action similar to that of the 
moon, hut only one third as great. It is not that the 
moon actually exerts a greater force of attraction upon 
the earth than the sun does, that her influence in raising 
the tides exceeds that of the sun. She, in fact, exerts 
much less force. But, heing so near, the difference of 
her attraction on diflerent parts of the earth is creator 
than the- difference of the sun's attraction; l>r the 
sun is so far off, that the diameter of ^e earth 

advantage to the moon 1 Whyis it high tide on opposite sides of 

the earth at the same time 1 How much later is the high ode of 

to-day than that of yesterday 1 
28Z. Why is it not high tide when the moon is on the 
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than that of the moon 1 Why has the moon so much great' 



bmi9 but a waatJl propoitioo to the distance, and there- 
lore the ibroe exerted by the sun is more nearly equal 
on all parts of the earth, and we must bear in mind 
that the tides are owing, not to the amount of the force 
of attractioa, but to the difference of the forces exerted 
OQ difierent parts of the earth. 

254. As the sun and moon both contribute to raise 
the tide% and as they sometimes act together and 
sometimes in opposition to each other, so correspond- 
ing variations occur in the height of the tides. The 
spray tidet^ or those which rise to an unusual height 

Fig. 107. 





twice a month, are produced by the sun and moon's 
acting together; and the neap itdesy or those which 
are unusually low twice a month, are produced by the 
sun and moon's acting in opposition to each other. 
The spring tides occur when the sun and moon act in 
the same line, as is the case both at new and full 

Fig. lOa 





moon; and the neap tides when the two luminaries 
act in directions at right angles to each other, as is the 



254. Ezplun the spring tides— «ko the neap tides. Blostnte by 
thefigores. 
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case when the moon is in quadrature. The mode of 
action, in each case, will be clearly understood by in- 
specting Figs. 107 and 108. 

Fig. 107 shows the situation of the two luminaries 
when they act together at new moon. The waters are 
elevated both on the same side of the earth as the at- 
tracting bodies at A, and also on the opposite side, at 
B. If we now conceive the moon to change its place 
to B, when it would be full moon, the waters would 
still have the same elongated figure in the line of the 
two bodies, while at places 90® distant, at C and D, it 
would be low water. Again, in Fig. 108, the moon 
being in quadrature at C, the two attracting bodies act 
in opposition to each other, the sun raising a tide at A 
and B, while the moon raises a still higher tide at C 
and D. Hence, the high tide beneath the moon, and 
the low tide at places OO"" distant, are both less than 
ordinary. 

255. .The largest lakes and inland seas have no per- 
oeptible tides. This is asserted by all writers respect- 
ing the Caspian and Black seas ; and the same is found 
to be true of the largest of the North American lakes, 
Lake Superior. Although these several tracts of wa- 
ter appear large, when taken by themselves, yet they 
occupy but small portions of the surface of the globe, 
as will be evident on seeing how small a space they 
occupy on the artificial globe ; so that the attraction 
of the sun and moon is nearly equal on all parts of 
such sea or lake. But it is the inequaHiy of attraction 
on different parts that produces the tides. ^' 
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CHAPTER VI. 
THE PLANETS. 
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Sscnoir 1. Gemeral Vitm of ihe PJaneis. 

SS6. Thb nune planet Is derired fiom ft Greek word 
flsgnifies a wandereff and is applied to this class 
^ bodies, because they shift their positicms in the heav- 
ens, whereas the fixed stars constantly maintain the 
same places with respect to each other. The planets 
known from a high antiquity are, Mercury, Venus, 
Earth, Mars, Jupiter, and Saturn. To these, in 1781, 
was added Uranus, (or Herschel, as it is sometimes 
ealled, from the name of the discoyerer,) and, as late 
as the commencement of the present century, four more 
were added, namely, Ceres, Pallas, Juno, and Vesta. 
All these are called primary planets. Several of them 
have one or more attendants, or saieUUes, which revolve 
around them, as they revolve around the sun. The 
Earth has one satellite, namely, the Moon ; Jupiter has 
four, Saturn seven, and Uranus six. Mercury, Venus, 
and Mars, are without satellites. The same is the case 
with the four new planets, or eateroids, as they are 
sometimes called. The whole number of planets, 
therefore, is twenty-nine, namely, eleven primary, and 
e^hteoi secondary planets. 

257. Mercury and Venus are called m^enor planets, 
because they have their orbits nearer to the sun than 
iStiAt of the earth ; while all the others, being more dis- 
tant from the sun than the earth is, are called superior 
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planets. Let us now oomfMire the pUnets with one 
another, in regard to their distances from the sun, their 
magnitudes, and their times of revolution. 

258. Ditiances from the sutif in mUet. 

1. Mercury, ^ 87,000,000. 

2. Venus, 9 68,000,000. 
8. Earth, 95,000,000. 

4. Mars, ^ 142,000,000. 

5. Vesta, ^ 225,000,000. 

6. Juno, Q 1 

7. Ceres, jj 261,000,000. 

8. Pallas, ^) 

0. Jupiter, <2|. 485,000,000. 

10. Saturn, T2 490,000,000. 

11. Uranus, ^ 1800,000,000. 

The dimensions of the planetary system are seen 
from this table to be vast, comprehending a circular 
space thirty-six hundred millions of miles in diameter. 
A railway car, travelling constantly at the rate of 
twenty miles an hour, would require more than twenty 
tiiousand years to cross the orbit of Uranus. 

259. Magnitudes, 

niaroeter. KuMMr. 

5. Ceres, 160 

6. Jupiter, 89,000 



1. Mercury, 3140. 

2. Venus, 7700. 
8. Earth, 7912. 
4. Mars, 4200. 



7. Saturn, 79,000 

8. Uranus, 85,000 



We perceive that there is a great diversity among 
the planets, in regard to size. While Venus, an infe» 
rior planet, is nine-tenths as large as the Earth, Mars, 
a superior planet, is only one-seventh, while Jupiter 
is twelve hundred and eighty-one times as lai^e.* 

* The magnitudep are proportioned to the eubet of the diameten. 

258. Repeat the table of distances. What is said of IhtJiMk 
sions of the planetary system t How long would a nS^KIjB^Bt^ 
in crossing the orbit of Uranus 1 , 

259. Repeat the table of magnitudes. What is said of 
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Although serentl of the planets, when nearest to us, 
appear brilliant and large whea compared with most 
of the fixed stars, yet the angle under which they are 
seen is very small, that of Venus, the greatest of air, 
never exceeding about one minute, which is less than 
one thirtieth the apparent diameter of the sun or moon.* 
Jupiter, also, by his superior brightness, sometimes 
makes a striking figure among. the stars ; yet his greatest 
apparent diameter is less than one fortieth that of the 
sun. 

260. Periodic Times. 



Mercury, 3 months. 


Ceres, 4| years 


Venus, H « 


Jupiter, 12 « 


Earth, 1 year. 


Saturn, 29 " 


Mars, 2 years. 


Uranus, 84 « 



We perceive that the planets nearest, the sun move 
most rapidly. Mercury performs nearly three hundred 
and fifty revolutions while Uranus performs one. The 
apparent progress of the most distant planets around 
the sun is exceedingly slow. Uranus advances only a 
little more than four degrees in a whole year ; so that 
we find this planet occupying the same sign, and of 
course remaining nearly in the same part of the heavens, 
for several years in succession. 

Ssc. 2» Of ihe h^erior Planets. 

261. Mercury and Venus have their orbits so fiir 
within that of the earth, that they appear to us as 
attendants upon the sun. Both planets appear either 
in the west a little after sunset, or in the east a little 

* &i eteiy eadmatkm of angular breadtlM or distanoea, it is convenient to 
bear in mind that the angular breadtb of tbe sun or moon i> about half a 
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b&fi>re sunrise. In high latitudes, where the twilight is 
long, Mercury can seldom be seen with the naked eye^ 
and then only when its angular distance from the sun 
is greatest. In our latitude, we can usually catch a 
glimpse of this planet for several evenings and mom- 
ings, if we will watch the time (usually given in the 
almanac) when it is at its greatest elongations from the 
sun. It, however, soon runs back again to the sun. 
The reason of this will be plain from the following 
diagram. Let S represent the sun, £ the earth. 

Fig. 109. 




M Q N R the orbit of Mercury, O Z P an arc of the 
heavens. Then, since we refer all distant bodies in the 
sky to the same concave sphere, we should see the sun 
at Z, in the heavens, and when the planet Was at R or 
Q, we should see it close by the sun, and when it was 

"What of Meienry in high latitudes 1 What in our l«titi|lif ' 
do we catch a glimpse of it 1 Explain the reaaon of ''-^ 
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ftt its greatest eloDgation, at M or N, we should see it 
ftt O or P, when its angular distance from the sun 
would be measured by the arc O Z or P Z. Suppose 
Mercury conies into view at M, its greatest eastern 
elongation ; as it passes on to Q, its inferior conjunction, 
it appears to move in the sky backward, or contrary to 
the order of the signs, from O to Z ; and it continues 
its backward motion from M to N, or apparently from 
O to P. But now from N, its greatest western elongation, 
through R, its superior conjunction, to M, its greatest 
eastern elongation, its apparent motion is direct. Then, 
the planet is said to be in its superior conjunction. The 
inferior planets, Mercury and Venus, appear to run 
backward and forward across the sun. Mercury 
receding so little from that luminary as almost always 
to be lost in his beams. Venus, however, moves in a 
larger orbit, and recedes so far from the sun, on both 
sides, as often to remain a long time in the evening 
or morning sky, always immediately following or pre- 
ceding the sun, and hence called the evening and 
morning star. 

262. When an inferior planet is near its greatest 
elongation, on either side, it presents to us, when viewed 
with the telescope, half its enlightened disk, appearing 
to the telescope like the moon in one of her quarters. 
While passing from the eastern to the western elonga- 
tion, through the inferior conjunction, the enlightened 
portion grows less and less, taking the crescent form, 
like the old of the moon, until it arrives at the inferior 
conjunction, when it presents the entire dark side 
toward us. Soon afler passing the conjunction, it 
appears like the new nioon, and increases to the first 
quarter, at the greatest western elongation. When 
passing through the superior conjunction, the other side 
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of the sun, the enliffhtened part constantly focroaoei^ 
and beeomes like the full moon in the superior con- 
junotion, after which the enlightened portion decreases. 
The phases <^ Mercury and Venus, therefinrey as seen 
in the telescope, resemble the changes of the moon. 
In some respects, however, the appearances do not 
e<HTespond to those of the moon ; for since, when fully 
they are in the part of the orbit most remote from us, 
they appear then much smaller than when on the side 
of the inferior conjunction ; and their nearness to the 
sun, when full, also prevents their being seen except 
m the day time, and then they are invisible to the naked 
eye, because their light is lost in that of the sun* 
Hence, these planets appear brightest when a little less 
than half their enlightened sides are turned toward 




us, (being then just within their greatest elongation on 
either side,) since their greater nearness to us more 
than compensates ibi having in view a less portion of 
the enlightened disk, as will be seen by the acccxn- 
panying diagram. 

263. Mercury and Venus both revolve on their axes 
in nearly the same time with the earth, and luive 
therefore similar days and nights. Mercury owes 

MKnMe tke ehugesof the mooal How do dief 
poisl do the iafcnor pimets appear ' 
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almost all its peculiarities to its nearness to the sun. 
Its light and heat derived from uie sun are estimated 
to be neariy seven times as great as ours, and the sun 
would appear to an inhabitant of Mercury seven times 
as large as it does to us. The motion of Mercury, in iiis 
revolution round the sun, is swifter than that of any 
other planet, being more, than 100,000 miles every 
hour ; whereas, that of the Earth is less than 70,000. 
Eighteen hundred miles every minute— crossing the 
Atlantic ocean in less than two minutes — ^tbis is a ve- 
locity of which we can form but very inadequate con- 
ceptions. 

264. Every time Mercury and Venus come to their 
inferior conjunction, they would eclipse the sun, if 
their orbits coincided with the earth's orbit, or both 
were in the same plane ; as we should have a solar 
eclipse at every new moon, if the moon's orbit were 
in the same plane with the earth's. As, however, the 
orbits of these planets are inclined to the ecliptic, they 
are not seen on the sun's disk except when the con- 
junction takes place at one of their nodes. They then 
pass over the sun, each in a round black spot, and the 
phenomenon is called a Transit. Transits of Mer- 
cury and Venus occur but seldom, but are regarded 
with the highest interest by astronomers, that of Ve- 
nus, in particular ; for, by observing it at distant points 
on the earthy materials are obtained for finding the 
sun's horizontal parallax, which enables astronomers 
to calculate the distance of the sun from the earth. 
(See Art. 219.) In the transits of Venus, in 1761 
and 1760, several European governments fitted out 
expensive expeditions to parts of the earth remote 
from each other. For this purpose , the celebrated 

263. In what time do Mercury and Venus revolve on their axesi 
To what does Mercury owe its peculiarities 1 Explain his swilhiesB 
erf* motion. 

264. Why dp not Mcrcray and Venus eclipi© the son at cYeiy in- 
fenorconjuncUoa 1 Whatisatiansul Why reguded with so great 
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Captain Cook, in 1769, went to the South Padfio 
Ocean, and observed the transit of Venus at the island 
of Otaheite, (Tahiti,) while others went to Lapland 
foT the same purpose, and others, still, to many other 

Crts of the globe. The next transit of Venus will 
ppen in 1874. 

Ssc. S. Of (he Superior Planets, 

265. All the planets, except Mercury and Venus, 
have their orbits farther from the sun than the earth's 
orbit. They are seen in superior conjunction with 
the sun, and in opposition, like the moon when full ; 
but as they are always more distant from the sun than 




the eartn is, they can never come into inferior con- 
junction. This will be plai n from the foregomg duu 

btereett What ia said of the tranaitB of Venia in im and ^ 
When will the next traant of Venus happenT 
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gmn. Let the Earth be at E, and a superior planet, 
as Mari, in diiS^rent parts of his orlnt, M Q M'. At 
M'» the planet would be seen in the same part of the 
heaTens with the sun, rising and setting at the same 
time with him, and would therefore be in oonjunctimi; 
but being the other side of the sun, it would, of course, 
be a svperior conjunction. At Q, the planet would ap- 
pear in quadrature, and at M, in opposition, rising when 
the sun sets, like the full moqm. 

266. The superior planets, however, do not, like the I 
inferior, undergo the same changes as the moon, but, 
with the exception of Mars^ always present to the 
telescope their disks fully enlightened; {or, if we 
viewed them from the sun, we should have the whole 
enlightened side turned constantly toward us; and 
so small is our own distance from the sun, compared 
with that of Jupiter, Saturn, or Uranus, that we view 
them nearly as though we stood on the sun. Mars, 
being nearer the earth, does in fact change his figure 
riightly ; for, when seen in quadrature, at Q, a small 
part of Uie enlightened hemisphere is concealed from 
us, and the planet appears gibbous, like the moon 
when a little past the full. The superior planets, 
however, undergo considerable changes in apparent 
magnitude and brightness, being at one time much 
nearer to us than at another. Thus, in Fig. Ill, 
Mars, when at M, in opposition, is nearer the Earth 
than at M', in superior conjunction, by the whole 
diameter of the earth's orbit — a space of about 
190,000,000 miles. Hence, when thb planet is in 
opposition, rising soon after the sun sets, it often sur- 
prises us by its unusual splendor, which appears more 

ass. What are soperior planets 1 How do the/ differ from the 
mferior t Explain tadr conjimction and oppoaitian by the ligQie. 
asa Have the mpenornhnelB any iihaaaal What is aaid of the 

p^i^pbuietB Iiiiiit ■ ' I Mai «r these. 
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Btriking on ftocowit of its fiery red color. All the otbei 
plknets, likewise, appesr finest when in oppontioD, al- 
though the remoter planets are less altered than ^mm 
diat are nearer to as. 

207. JnnrsR is distinguiriied from all the other 
planets by bis gntt magnitude. His diameter ia 
89,000 miles, and his volume 1281 times that of the 
earth. He revolves on his axis oact in about ten 
Jiours, giving to places near hia equator a moti<Hi 

Fig- 113. 



twenty-seven times as swifl as on the earth. It will 
be recollected, also, that the distance of Jupiter from 
the sun b 46S,OOO,0UO miles, and that his revolution 
around the sun occupies twelve years ; so that every 
thing belonging to this planet is <» a grand scale. 
The view of Jupiter through a good telescope, is one 
of the most splendid and interesting sights in astrono- 
my. The disk expands into a large and bright orb, 
like the full moon ; across the disk, arrai^ed in paral- 
lel stripes, are several dusky bands, call^ betit ; and 

iSI. Cy what 19 Jupiter diMJDgniriied from nil tfaa other planeti* 
Bia diiineler — volame — diidiice flnin the mn 1 View of l ^ius 
^rongliagcNMi telcw^l Appeannce of bis £A, bt'' 



firar bright satellitM, or mooiw, constantly Tuying 
their portions, mdd another feature of peculiar mag- 
nifioence. 

268. Satoes ha« also within itself a system full of 
grandeur. Next to Jupiter, it is the largest of the 
planets, being 79,000 miles in diameter, or about 1000 
times as lai^ as the eartii. It has, likewise, belts oa 
its surfiioe, though less distinct than those of Japiter. 



But the great peculiarity of Saturn ia its Eivg, a broad 
wheel, encompassing the planet at a great distance from 
it. What appears to be a single ring, when viewed 
with a small telescope, is found, when examined by 
powerful telescopes, to consist of two rings, separated 
from each other by a dark line o£ the sky, seen between 
them. Although the diviMon of the rings appears to 
us, on account of our immense distance, as only a fine 
line, yet it is in reality an interval of not less than 
1,600 miles; and, although we see in the telescope 
hut a small speck of sky between the planet tad the 
ring, yet it is really a space 20,000 miles broad. The 



n 



breadth of the inner wheel is 17,000 milesy and that 
of the outer, 10,500 miles ; so that the entire diameter 
of the outer ring, from outside to outside, is 179,000 
miles. These rings are so far from the body of the 
planet, that an inhabitant of that world would not take 
them for appendages to his own planet, but would view 
them as magnificent arches on the &ce of the starry 
heavens. 
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269. Saturn's ring, in its revolution with the planet 
around the sun once in about thirty years, always keeps^ 
parallel to itself, as is represented in the annexed 
diagram, where the small circle, a h, is the earth's, 
orbit, and Saturn is exhibited in eight difierent positions 
in his orbit. If we bold a circle, as a piece of coin, 
directly before the eye, we see the entire circle ; Ji)ut 
if we hold it obliquely, it appears an ellipse ; and if 
we turn it round until we see it edgewise, the ellipse 
grows constantly narrower and narrower, until, when 
the edge is toward us, we see nothing but a line. If 

of each wheel. Entire diameter of the oater ring. What ia said 
of the appearance of the rings fiN>m the planet 1 

269. What pontion does the ring keep in its revolution aronnd the 
siinl Describe Fig 114. Into what figures is a circle projected 
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tb» leamer obtains a clear idea of these appearaaceB^ 
he will easily understaiid the diffeient appearances of 
Saturn's ring. In two points of the revolution around 
the sun, at A and E, the edge is presented to us, and 
we see the ring only as a fine line, or, perhaps, lose 
■ght of it altogether. After passing this point, from 
B to C, we see more and more of ih& ellipse, -until, in 
about seven years, it arrives at C, when it appears quite 
broad, as represented in figure 114. Then it gradually 
closes again for seven years more, and dwindles into a 
line at £. 

270. Saturn is attended by seven saUUUes. Al- 
though they are bodies of considerable size, yet, on 
account of their immense distance from us, they appear 
exceedingly minute, and require superior telescopes 
to see them at all. It is accounted a good telescope 
which will give a distinct view of even three of the 
latellites of Saturn, and the whole seven can be seen 
only by the most powerful telescopes in the world. 

271. Uraitus is also a large body, being 35,000 
miles in diameter ; but being 1600,000,000 miles ofiT, 
it is scarcely seen except by the telescope, and would 
hardly be distinguished from a fixed star, if it were 
not seen to have the motions of a planet. In the most 
powerful telescopes, however, it exhibits more of the 
character of a planet. Herschel saw, as he supposed, 
six satellites belonging to this planet, but only two are 
commonly visible to the best telescopes. So distant is 
this planet, that the sun himself would appear from it 
400 times less than he does to us, and it receives from 
him light and heat proportionally feeble. 

when seen in difierent positions 1 In what points is the edge pre- 
sented to us 1 When does it appear broadest 1 

870. How many satoUites has Saturn 1 How do they appear to 
the telescope 1 What power does it require to see them 1 

271. Umnus^his diumeter-^listance from the sun— appearance 
in the telescope— >mimber of satellites. How woukl the sun appear 
fiomUnnasf 
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272. The Nbw Planets, or Astbeoibs, Ceras^ 
Pallasy Juno, and Vesta, were unknown until the 
commencement of the present century. They are so 
small as to be invisible to the naked eye, but are seen by 
telescopes cf moderate power. They lie near together 
in the large space between the orlnts of Mars and 
Jupiter, at an average distance from the sun of about 
250,000,000 miles. 

Sbc. 4. Cf the Planetary Mationa. 

273. The planets all revolve around the sun in the 
same direction, from west to east, and pursue nearly 
the same path in the heavens. Mercury wanders 
farthest from the general track, but he is never seen 
fiurtlier than about seven degrees from the ecliptic. The 
others, with the exception of the Asteroids, are always 
seen close in the neighborhood of the ecliptic, and we 
never need to look in any other part of the sky for a 
planet, than in the region of the sun's apparent path in 
the heavens. 

274. If we could stand on the sun and view the 
planets move round it, their motions would appear 
very simple. We should see them, cxie after another, 
pursuing their way along the great highway of the 
lieavens, the zodiac, rdling around the suq as the 
moon does around the earth, though with very different 
degrees of speed, those near the sun moving with 
fitr more rapidity than those more remote, often over-, 
taking them, and passing rapidly by them. Mercury, 
especially, cc»nes up with and passes Jupiter, Saturn, 
and Uranus, a great number of times while they are 

272. What is said of the New Planeta— their discovery — size— 
poeition in the solar system — distance from the snn 1 

273. Planetary motions — through what part of the heavenft— which 
wanders farthest from the ecliptic 1 

274. If we coald view the planets from the sun, how wo nlitfiey 
appear to move 1 In what orbits, and with what difierer^ 

oi speed 1 
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makiiig their tardy circuit around the sun. To a apec- 
tator Um» situated) the planets would all appear to 
nx>ve around him in great circles, such being their 
projections on the face of the ^sky. They are, how- 
ever, not perfect circles, but are a little shorter in one . 
direction than the other, forming an oval or ellipse. ]/ 

275. Such would be the appearances of the planet- 
ary motions if viewed from the center of their motions, 
that is, at the sun, and such they are in fact. But two 
causes operate to make the motions of the planets ap- 
pear very different from what they really are ; first, we 
view them out of the center of their motions, and, sec- 
ondly, we are ourselves in motion. We have seen, 
in the case of the inferior planets, Mercury and Ve- 
nus, that our being out of the center makes them ap- 
pear to run backward and forward across the sun, 
although they are all the while moving steadily on in 
one direction ; and we know that our own motion 
along with the earth on its axis, every day, makes the 
heavens appear to move in the opposite direction. 
Hence, we see how very difierent may be the actual 
motions of the planets from what they appear to be. 
As we have said, they are actually very simple, mov- 
ing steadily round the sun, all in one direction ; but 
their apparent motions are exceedingly irregular. 
They ^pmetimes move faster and sometimes slower 
•—backward and forward — and at times appear to stand 
still for a considerable period. 

276. If we have ever passed swjftly by a small ves- 
sel, sailing in the same direction with ourselves, but 
much slower, we may have seen the vessel appear to 
l>e moving backward, stem foremost. For a similar 
reason, the superior planets sometimes seem to move 
backward, merely because the earth has a swifter 



aia. Whkt makM Um jdanetaiv moCioiu appear very different 
ftom what they nidf ar* f Are the real motions more or lea aim-i 
pit tlMta tht appttWY 
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modon, and sails rapidly by them. Then again they 
seem to stand still, because they are about turning, 
when our motion has ceased to carry them apparently 
backward any farther, and they are recovering their 
direct motim. They appear also to stand still, when 
they are moving directly toward us or from us, as 
Mercury or Venus does when near its greatest elonga- 
tion. (See Fig. 109, page 238.) A diagram will as- 
8ist us in obtaining a clear idea of the way in which 
these appearances are produced. 

Fig. 115. 




277. Let the inner circle, ABC, represent the 
earth's orbit, and the outer circle the orbit of Mars, 



276. Appearance of ayeflsei when we pass rapidly bf j 
the sapenor planets appear to move backward, and te 

1* 
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(at nnj other superior planet,) and N R a portion- of 
Vv6 concave sphere of the heavens. To make the' 
ca^e mmple, we will suppose Mars to be stationary at 
M, in opposition ; fi>r, although he is actually moVittg 
eiatwaril' tA\ the while, yet, since the eart¥ is rtontig 
the satne way more rapidly, their relative situatfons; 
will be the same, if we suppose Mars to staiid^ sCHI and 
tile eaxirii to move on with the excess of M motion- 
above that of the planet. As the earth moves from A 
to B, Mars appears to move backward from F to N; 
for the planet will always appear in the heavens in the 
direction of the straight line, as B M, drawn from the 
spectator to the body. When the earth is at B, Mars 
appears stationary, because the earth is moving directly 
m>m him, and the line B M N does not change its di- 
rection. But while the earth moves on to C, D, E, 
F, the planet resumes a direct motion eastward through 
O, P, Q, R. Here it again stands still, while the 
earth is moving directly toward it, and then goes back- 
ward again. When the planet is in opposition, the 
earth being at A, its motion appears more rapid than 
in other situations, because then it is nearest to us. 
In the superior conjunction, when the earth is at D, 
the motion of Mars is comparatively slow. 

278. There are three great Laws that regulate the 
motions of all bodies belonging to the Solar System, 
called Kepler's Laws, from the name of this great as- 
tronomer who discovered them. The first is, that the 
orhiis of the earth and all the planets ate ellipses, having 
the sun in one of the foci of the ellipse. Figure 116 re- 
presents such an ellipse, differing but little from a cir- 
cle, but still having the diameter, A B, called the major 
axis of the orbit, perceptibly longer than C D. The 



277. Illostrate the motion of Mars from Fig. 115. When is the mo- 
tion mo«t rapid 1 When alow 1 

are. KepIer^s Laws. Repeat the jfirst law. What is an ^ipse— 
dio major axis— foci— perihelion— aphelion 1 
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tiro points, E and F, (being the points from whioh, 1^' 
a* certain process, the figure is described,) are ca^ea 




the two foci, and each of them, a focus, of the ellipse. 
Suppose the sun at F, then B will be the periheKon or 
nearest distance of a planet to the sun, and A is the 
aphelion, or farthest distance. 

279. A line drawn from the sun to a planet is called 
the radius vectjor, as E a or E h, (Fig. 117 ;) and the 
second of Kepler's Laws is, that while a planet is going 
round the sun, the radius vector passes over equal spaces 
m equal times. The meaning of this is, that, if an 
imaginary line, as a cord, were extended from the sun 
to any planet, this cord would sweep over just as much 
space one day as another. When the planet is at its 
perihelion, the cord would, indeed, move &ster than 
toward the aphelion; but it would also be shorter, 



279. What 13 the radios vector 1 
plain iff meaniiig. 
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•ad Uie greater breadth of the space, E a ft, would 
nudw it just equal to the narrower but longer spaoei 



\e. 117. 




Kim, This law has been of incalculable service in 
all the higher investigations of astronomy. 

280. The third of Kepler's Laws is, that the squares 
of the periodic times of different planets, are proportioned 
to ike cubes of the major axes of their orbits. Now the 
periodic time of a planet, or the time it takes to go round 
the sun, from any star back to the same star again, can 
be seen by watching it, as has oflen been done, during 
the whole of its revolution. We also know the length 
of the major axis of the earth's orbit, because it is just 
twice the average or mean distance of the earth from 
the sun. These things being known, we can find the 
distance of any of the planets from the sun by a simple 
statement in the rule of three. For example, let it be 
required to find the major axis of Jupiter's orbit, or the 

280. Repett the thixd law. What is meant by the periodic timt 
of a planet 1 How may the periodic tune be found 1 lX>weJuow 
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mean distance of Jupiter from the sun, which is half 
the length of that axis. Then, since the earth's 
periodic time is one year, and Jupiter's twelve years, 
(putting B for the earth's distance from the sun, and J 
for Jupiter's,) we say, 

1" : 12" : : E» : J'. 

Now the three first terms in this proportion are 
known, and hence we can find the fourth, which is 
the cube of Jupiter's distance from the sun ; and, on 
extracting the cube root, we find the distance itself. 
We see, therefore, that the planetary system is laid off 
by an exact mathematical scale. 

281 . The three foregoing laws are so many great 
facts, fully entitled to be called general principles^ 
because they are applicable not only to this or that 
planet, but to all the planets alike, and even to comets, 
and every other kind of body that may chance to be 
discovered in the itolar system. They are the rules 
according to which all the motions of the system are 
performed. But there is a still higher inquiry, respect- 
ing the causes of the planetary motions, which aims at 
ascertaining not in wfuit manner the planets move, but 
why they move at all, and by what forces their motions 
are produced and sustained. Sir Isaac Newton first 
discovered the great principle upon which all the 
motions of the heavenly bodies depend, that of Universal 
Gravitation. In its simplest expression it is nearly this: 
aU matter attracts aU oAer nuUter. But a more precise 
expression of the law of gravitation is as follows : 
Every body in the tanverse, whether great or smaU^ attracts 
every other body, with a force which is proportioned to 



lie mftior azii of the earth's cnbit 1 How to find the major uob o( 
lomlerkoibitl 

2B1. Why are theie laws called general iNrmciples 1 WlMt 
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As qmattUiif of tmtter directly, and io ike square qf As 

282. This is the most fx>inprehensive aod impoitaot 
of all the laws of nature, and ought therefore to be 
clearly understood in its several parts. Firsiy it assorts 
that <dl matter in the universe is subject to iU In this 
respect it differs from Gravity, which respects only the 
attraction exerted by the earth, and all bodies within 
the sphere of its influence. But Universal Gravitation 
embraces the whole solar system — sun, moon, planets, 
cometB, and any other form of matter within the 
system. Nor does it stop here ; it extends likewise to 
the stars, and comprehends the infinitude of worlds 
that lie in boundless space. Secondly, the law asserts 
that the attraction of gravitation is in proportion to the 
quantity qf nuUter. Every body gives and receives of this 
mysterious influence an amount exactly proportioned 
to its weight; and hence all bodies exert an equal 
£}rce on each other. The sun attracts the earth and 
the earth the sun, and one just as much as the other ; 
ibr if the sun, in consequence of its having 354,000 
times as much matter as the earth, exerts upon it 
854,000 times as much force as it would do if it had 
the same weight with the earth, it also receives from 
the earth so much more in consequence of its greater 
weight. Were the sun divided into 354,000 bodies, 
each as heavy as the earth, every one would receive 
an equal share of the earth's attraction, and of 
course the whole would receive in the same degree 
as they imparted. Thirdly, the law asserts that, at 
different distances, the force of gravitation is m- 
versely as ike square of the distance. If a body 
Is twice as iar dST, it attracts and is attracteid ^finir 

292. What is said of the importance of this law 1 What does it 
assert ftni^vviuLt Meondhr? Ham imeh does erery^ body mt. and 
receive of this iaflaenoe 1 . 



does ifae law -assert lAsrcU|y f Haw much less does a body. aUnct 
another when twice as &r ofi; or ten timesas^fiurl 



tim^ less ; if ten times as iar^ one hundred tism 
le^s ; if B, hvndred times as far, ten thousand tim^s 
less. 

283. This great principle, which has led to a 
knowledge of the causes of the celestial motions, and 
given us an insight into the machinery of the Universe, 
was discovered by Sir Isaac Newton, who is generally 
acknowledged to have had the most profound mind of 
any philosopher that has ever lived. He was bom in 
a country town in England in the year 1642. He was 
a farmer's son, and his father having died before he 
was bom, his friends designed him for a farmer ; but 
his strong and unconquerable passion fi>r study, and the 
great mechanical genius he displayed in his boyhood, 
led them to the fortunate determination to educate him 
at the University. 

284. But let us see how the principle of Gravitation 
is applied to explain the revolutions of the heavenly 
bodies. If I throw a stone horizontally, the attraction 
of the earth will continually draw it downwards, out of 
the line of direction in which it was thrown, and make 
it descend to the earth in a curve. The particular 
form of the curve will depend on the velocity with 
which it is thrown. It will always hegin to move in 
the line of direction in which it is projected; but it will 
soon be turned from that line toward the earth. It will, 
however, continue nearer to the line of projection, 
in proportion as the velocity of projection is greater. 
Let A C (Fig. 118) be perpendicular to the hori- 
zon, and A fi parallel to it, and let a stone be 
thrown from A in the direction of A B. It will, in 
every case, commence its motion in the line A B, 
which will therefore be a tangent to the curve it de- 

288. What is eaid of Sir Isaac Newton 1 

J84. Hqw is the pnnci|>ie of uuvenal ffTavitaitipil.t99ili<id.tatfa« 
..explanation of the celestial motions <t How will a stone auHW 
when thrown honzontaUyl £zpkiin Fig. US. 



mibM ; bat, if it be thrown with a small veloatj, it 
will aooB d^ut from the tangent, deacribiog the cam 




A D J with a greater velocity, it will describe a curre 
nearer the tangeot, at A E ; and with a still grealer 
velocity, it will describe the curve A F. 

385. Aa an example of a body revolving in an 
orbit under the influence or two forces, suppose a body 

fig. 119. 



I^aoed at any point, P, (F^. 119,) above the sor&ce 
of th* earth, end let P A be the direotitHt of the earth's 

290. Explua iIm taetiva of > body bma Fix. 119. 
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center, or a line perpendicular to the horizon. If the 
Ixxiy were allowed to nx>ve, without receiving any 
impulse, it would descend to the earth in the direction 
of P A with an accelerated motion. But suppose that 
at the moment of its departure from P, it receives a 
blow in the direction P B, which would carry it to B 
in the time the body would fall from P to A ; then 
under the influence of both forces, it would descend 
along the curve P D. If a stronger blow were given 
to it in the direction P B, it would describe a larger 
curve, P £ ; or, finally, if the impulse were sufiiciently 
strong, it would circulate quite round the earth, de- 
scribing the circle P F G. 'VS^ith a velocity of projec- 
tion still greater, it would describe" an ellipse, P I K ; 
and if the velocity were increased to a certain degree, 
the figure would become a parabola, L P M, — a curve 
which never returns into itself. 

286. Now let us con- 
sider the same princi- 
ples in reference to the 
motion of a planet around 
the sun. Suppose the 
planet to have passed 
^K the point C, (Fig. 120,) 
at the aphelion, with so 
small a velocity, that the 
attraction of the sun 
bends its path toward 
itself. As the body ap- 
preaches the sun, since 
the sun's attractive force 
is rapidly increased as 
the distance is dimin- 
ished, the planet's motion is continually accelerated, 
and becomes very swifl as it approaches nearer the sun*^ 
But, when a body is revolving in a curve, an ii 

2B6. Explain the motioDs of a planet from Fig. 12P 
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Ttloeity causes a rapid inoieaae in the caain^Mgcfi/iMa, 
and makes it endeavor with more and more fooce ta^ 
off in the direction of a tangentto its orbit. Hence, the 
increase of velocity as it approaohes the .sun, jirill not 
cany it into the sun, hut the more rapid Inorease .of 
the centrifugal loroe will keep it off, and oariy k bf, 
and finally make it describe the remaining portion of 
the curve, back to the place where it set out. Afier 
it passes the perihelion, at G, the sun's attraction god* 
stantly operates to hold it back, and as it proceeds 
through H and E to A and C, it is like a ball idled 
up hill, until finally its motion becomes so jslow, that 
the centrifugal force yields to the force of attrac^oo, 
and it turns about to renew the same circuit. 

S87. Since the nature of the curve which any plane! 
describes depends on the proportion between the two 
forces, of projection and attraction, astronomers have 
inquired what proportion must have been observed 
when the planets were first launched into space, in 
order that they should have revolved in the orbits they 
have ; and it is found that the forces were so adjusted 
as to make the centrifugal and attractive forces nearly 
equal, that of projection being a little greater. Had 
they been exactly equal, the curve would have been a 
circle; and had the force of projection been much 
greater than it was, the ellipses would have been much 
Smger, and the whole system much more irregular. 
iThe planets also revolve on their axes at the same time 
that they revolve around the sun; and astronomers 
have inquired what must have been the nature of the 
impulses originally given, in order to have produced 
these two motions such as they are. If we strike a 
.ball in the exact line of the center of gravity, it will 
move forward without turning on its axis; but if we 



187. How wut the fofeee of projection and attraction a4jiiaied to 
each oChtr»wlMBtlMBlaitliwaieJUM|af»cbeduito apace 1 How 



strike it out of that direction we can make it move for- 
ward and turn on its axis at the same time. It is cal- 
culated that the earth must have received the impulse 
-which gave to her her two motions, at a distance from 
the o^ter equal to the rir^^ P^^ ^^ ^^® earth's radius. 
Such an impulse would suffice to give the two motions 
An question ; hut it would be presumptuous to under 
take to assign the exact mode by which the Almighty 
fi»t impressed upon the planetary system its harmoni- 
ous movements ; and all such expressions cls " launch- 
ing these bodies into space," or << impelling" them in 
certain directions, must be regarded as mere figures of 
speech. 

288. Besides explaining the revolutions of the hea- 
venly bodies, the principle of universal gravitation ac- 
counts for all their irregrdariUes, Since every body 
in the solar system attracts every other, each is liable 
to be drawn out of its customary path, and all the 
bodies tend mutually to disturb each other's motions. 
Most of them are so far apart as to feel each other's 
influence but little ; but in other cases, where any two 
bodies come far within each other's sphere of attrac- 
tion, the mutual disturbance of their motions is very 
great. The moon, especially, has its motions con- 
tinually disturbed by the attractive force of the sun. 
When the sun acts equally on the earth and the moon, 
as it does when the two bodies are at the same dis- 
tance from him, he does not disturb thfiir mutual rela- 
tions ; as the passengers oa board a steamboat main- 
tain the same position with respect to each other, 
whether Uie boat is going with or against the current. 
But, at new moon, the moon being nearer the sim than 

nuiitliey have been uapeUed in order to have the (womoCional 
How mult the earth have been strack 1 

'»8. Besidss the revolutions of the heavenly bodies, for whidfbe 
■ docs the piinciple of unlveraal sravitation account 1 How ^nr "^ 
tnction of difibrent bodies tend to affecteach other's motiov" 
is said of the moon 1 When does the sun disturb the matv 
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Jie earth is, is more attracted than the earth ; and at 
lull moon, the earth heing nearer the sun than the moon 
is, is more attracted than the moon. Henoe, in both 
cases, the sun tends to separate the two bodies. At 
other times, as when the moon is in quadrature, the 
influence of the sun tends to bring the bodies nearer to- 
gether. Sometimes it causes the moon to move faster, 
and sometimes slower ; so that owing to these various 
causes, the moon's motions are continually disturbed, 
which subjects her to so many irregularities^ that it 
has required vast labor and research to ascertain the 
exact amount of each, and so to apply it as to assign 
the precise place of the moon in the heavens at any 
given time. 

269. Among all the irregularities to which the 
heavenly bodies are subject, there is not one which the 
principle of universal gravitation does not account for, 
and even render necessary ; so that if it had never 
been actually observed, a just consideration of the con- 
sequences of the operation of this principle, would 
authorise us to say that it must take place. Indeed, 
many of the known irregularities were first discovered 
by the aid of the doctrine of gravitation, and afterward 
verified by actual observation. Such a tendency of 
all the heavenly bodies to disturb each other's motions, 
miffht seem to threaten the safety of the whole system, 
and throw the whole into final disorder and ruin ; but 
astronomers have shown, by the aid of this same prin- 
ciple, that all possible irregularities which can occur 
among the planets, have a narrow, definite limit — ^in. 
creasing first on one side, then on the other, and thus 

oT dM mooB tnd earth 1 When does the son attract the moon mote 
than the e^vthl Whentheearthmore than the moon t Whatva^ 
How dMlttibanees does it prodace on the moon's motions 1 

Ml. HoM the prineiple, of nnivenaj gravitation account for the 
intmlantiM of the eelM^a' mouons 1 , How were many of them 
ttwT^lMWfvdl WiU these inregiJanties wodoce diaonler and 
MMl What kM been «howa respecting their hmitl 
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ribrating for ever about a mean value, which seeuies 
the stability of the universe. 



CHAPTER VII, 
COMETS. 



l>IKEirnON — ^KAONITUDB AND B&IOHTNKM — ^nMOD^^-QUAMnTT 
or MATTBE — MOTIONS — ^PRKDICTION OF THBUt UBTVRMS— DAN- 
GEBa. 

290. Nothing in astronomy is more truly admirable, 
than the knowledge which astronomers have acquired 
of the motions of comets, and the power they have 
gained of predicting their return. Indeed, every thing 
belonging to this class of bodies is so wonderful, as to 
seem rather a tale of romance than a simple recital of 
facts. 

291. A comet, when perfectly formed, consists of 
three parts, the nucleus, the envelope, and the tail. 
The nucleus^ or body of the comet, is usually distin- 
guished by its forming a bright point in the center of 
the head, conveying the idea of a solid, or at least of 
a dense portion of matter. Though it is usually very 
small when compared with the other parts of the comet, 
and is sometimes wanting altogether, yet it occasion- 
ally is large enough to be measured by the aid of the 
telescope. The envelope (sometimes called the comOf 
from a Latin word signifying hair, in allusion to its 
hairy appearance,) is a thick, misty covering, that sur- 
rounds the head of the comet. Many comets have no 
nucleus, but present only a foggy mass. Indeed, tliere 
is a regular gradation of comets, from such as are com- 
posed merely of a gaseous or vapory medium, to those 

290. What is said of the knowledge astronomens hff' 
of comets 1 

291. Specify the several parts of a comet, and describ 
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wktaA bme a iretl><liefin^ Mnds8s. la stme utswnee^ 
matrmomerH have detected, widl tbeli' telescopes, HiOKli 
stare through the densest part of the comet. The tail 
u r^arded as an expansion or proloiigatioQ of the en- 
Yelqw, and presenting, as it sometimes does, a train 
of astoniahing length, it cotifers on this class of bodies 
their peculiar celebrity. These several parts are ex- 
hibited in Fig. 121, which represents the appearance 
Fig. 131. 



of the celebrated comet of 16B0, and which, in general 
size and shape, is not untike thai of IS43. The latter, 
however, was not so broad in proportion to its length, 
and its head (including the nucleus and coma) was &r 
less conspicuous. 

292, In mafftttade and hrightnesa, comets exhibit 
great diversity. History informs us of several comets 
so bright as to bo distinctly visible in the daytime, 
even at noon, and in the brightest sunshine. Such 
was the comet seen at Rome a little before the assas- 

Ihe nncleos— the envelope — the tail. How did ihe comet of 1680 
toDiwp wiih thai of 1B4S 1 

JSa. What U said of the magailude and briehtneee of comets 1 
Of ths eomet Been at Rom t Of that of 16801 Of 1811 1 How 
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BinfttfO&of Juliu^ Ceesfir ; and, in a' superstitious age, 
very naturally considered as the precursor of that event. 
The eoihet of 1^80 covered an arc of the heavens of 
ninety-seven degrees, sufficient to reach from the set- 
ting sun to the zenith, and its length was estimated at 
1^8^000,000 miles. The comet of 181 1 had a nucleus 
only 4^B miles in diameter, hut a tail 132,000,000 
ifiiles long ; and had it been coiled around the earth 
like a serpent, it would have reached round more than 
5000 times. Other comets are exceedingly small, the 
nucleus being in one case estimated at only 25 miles ; 
and some which are destitute of any perceptible nu- 
cleus, appear to the largest telescopes, even when near- 
est to us, only as a small speck of fog. The majority 
of comets can be seen only by the aid of the telescope. 
Indeed, the same comet has different appearances at 
its different returns. Halley's comet, in 1305, was 
described by the historians of that age as the comet of 
" horrific magnitude ;" yet, in 1835, when it reap- 
peared, the greatest length of its tail was only about 
twelve degrees, whereas that of the comet of 1843 was 
about forty degrees. 

293. The periods of comets, in their revolutions 
around the sun, are equally various. Encke's comet, 
which has the shortest known period, completes its 
revolution in 3 J years ; while that of 1811 is estimated 
to have a period of 3,383 years. The distances to 
which difierent comets recede from the sun are equally 
various. While Encke's comet performs its entire 
revolution within the orbit of Jupiter, Halley's comet 
recedes from the sun to twice the distance of Uranus, 
or 3600,000,000 miles. Some comets, indeed, are 
thought to go a much greater distance from the sun 

smaU are some comets 1 How does the same comet appear at its 
di^erent returns 1 

293. What is said of the periods of the comets 1 Of EnckeV 
comet 1 Of that of 1811 1 What of the distances to which tlr 
recede firom the sun T 
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than this; while some are supposed to pass into cuires, 
which do not, like the ellipse, return into themseWes; 
and, in this case, they never come back to the sun. 

294. Comets shine by reflecting the Ught of iheiia. 
In one or two cases, they have been thought to exhibit 
distinct pluueMf like the moon, and experiments made 
on the light itself, indicate that it is reflected and not 
direct light. The tails of comets extend in a dirtd 
line from the «fm, following the body as it approaches 
that luminary, and preceding the body as it recedes 
from it. I 

295. The qtumtity of matter in comets is exceedingly 
small. The tails consist of matter so light, that the 
smallest stars are visible through them. They cxf 
only be regarded as masses of thin vapor, susceptible 
of being penetrated through their whole substance by 
the sunbeams, and reflecting them alike from their 
interior parts and from their surfaces. " The highest 
clouds that float in our atmosphere,'' (says a great 
astronomer, Sir John Herschel,) *' must be looked upon 
as dense and massive bodies compared with the filmy 
and all but spiritual texture of a comet." The smaU 
quantity of matter in comets is proved by the fact, 
that they have at times passed very near to some of 
the planets, without disturbing their motions in any 
appreciable degree. As the force of gravity is always 
proportioned to the quantity of matter, were the density 
of these bodies at all comparable to ^eir size, on 
coming near one of the planets, they would raise 
enormous tides, and perhaps even draw the planet 
itself out of its orbit. But the comet of 1770, in its 
way to the sun, got entangled among the satellites of 
Jupiter, and remained near them four months ; yet it 



296. Quanuty of matter in comets 1 Extreme thuinc«Bl What 
ptoob are stated to show their smaU quantity of matter 1 What is 



did not perceptibly chimge their motions. The same 
comet also came very near to the earth ; so that, had 
its quantity of matter been equal to that of the earth, 
it would, by its attraction, have caused the earth to have 
revolved in an orbit so much larger than at present, as 
to have increased the length of the year two hours and 
forty-seven minutes. Yet it produced no sensible effect 
on the length of the year. It may, indeed, be asked, 
what proof we have that comets have any matter, and 
are not mere reflexions of light ? The answer is, 
that although they are not able, by their own force of 
attraction, to disturb the motions of the planets, yet 
they are themselves exceedingly disturbed by the action 
of the planets, and in exact conformity with the laws 
of universal gravitation. A delicate compass may be 
greatly agitated by the vicinity of a mass of iron, while 
the iron is not sensibly affected by the attraction of the 
needle. 

296. The motions of comets are the most wonderful 
of all their phenomena. When they first come into 
view, at a great distance from the sun, as is sometimes 
the case, they make very slow approaches from day to 
day, and even, in some cases, advance but little from 
week to week. When, however, they come near to the 
sun, their velocity increases with prodigious rapidity, 
sometimes exceeding a million of miles an hour ; they 
wheel around the sun like lightning ; and recede again 
with a velocity which diminishes at the same rate as 
it before increased. We have seen that the planets 
move in orbits which are nearly circular, and that 
therefore they always keep at nearly the same distance 
from the sun. Not so with comets. Their perihelion 
distance is sometimes so small that they almost graze 



said or the comet of 1770 1 What proof have we that they contain 
any matter 1 

296. What is said of the motions of comets 1 What is the ' ' 
of their orbits ? Of their distance from the sun at the pe^ 
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his surface, while their aphelion lies far beyond 
the utmost bounds of the planetary system, towards 
the region of the stars. This was the case with the 
comet of 1680, and the same is probably true of the 
wonderful comet of 1843. But irregular as are their 
motions, they are all performed in exact obedience 
to the great law of universal gravitation. The radius 
vector always passes over equal spaces in equal times ; 
the greater length of the triangular space described 
at the aphelion, where the motion is so slow, being 
compensated by the greater breadth of the triangular 
space swept over at the perihelion, where the motion is 
80 swift. 

297. The appearances of the same comet at difierent 
periods of its return are so various, that we can never 
pronounce a given comet to be the same with one that 
has appeared before, from any peculiarities in its form, 
size, or color, since in all these respects it is very 
difierent at different returns ; but it is judged to be the 
same if its path through the heavens, as traced among 
the stars, is the same. If, on comparing two comets 
that have appeared at different times, they both moved 
in orbits equally inclined to the ecliptic ; if they crossed 
the ecliptic in the same place among the stars ; if they 
came nearest the sun, or passed their perihelion, in the 
same part of the heavens ; if their distance from the 
sun at that time was the same ; and, finally, if they 
both moved in the same direction with regard to the 
signs, that is, both east, or both west ; then we should 
pronounce them to be one and the same comet. But 
if they disagreed in more or less of these particulars, 
we should say that they were not the same but different 
bodies. 

and at their aphelion 1 Are the motions of a comet subject to the 
laws of ffxavitation i 

aw. How do wc detennmethat a comet is the same with one 
that has appe«)SiUHKiAflpun«rft<e the several particoJan in 
which the t*^ 




SM. Having established the identity of a comet with 
one that appeared at some previous period, the iaterval 
between the two periods would either be the time of ila 
revolution, or some multiple or aliquot part of that 
time. Should we, for example, find a present comet 
to be identical with one that appeared 160 years ago, its 
period might be either 160 or 76 years, since possibly 
it might have returned to the sun twice in 160 years, 
although its intermediate return, at the end of 75 years, 
was either not observed or not recorded. Hence tlie 
method of predicting the return of a CMnet which has 
once appeared requires, first, that w^ ascertain with 
all possible accuracy the particulars enumerated in 
article 207, which are called the elemetai of the conwt, 
and then compare these elements with those of other 
comets as recorded in works on this subject. The 
elements of about 130 comets have been found and 
registered in astronomical works, to serve for futun 
comparison, but three only have their periodic times 
certainly determined. These are Halley's, Biela'a, 
and Encke's comets ; the first of which has a period 
of 75 or 76 years ; the seccmd, of 6 j years ; the third, 
of 8f years. 

299. Halley's comet is the most interesting of these, 
and perhaps, on all accounts, the most interesting 
member of the solar svstem. It was the first whose 
return was predicted 
in 1682, Dr. Halley, 
living, ascertained tt 
with one that had aj 
intervals correspondin 
hence pronounced th: 
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diat in about aeyeDty-nz yean more, namely, the lat- 
ter part of 1758 or the faeginniiig of 1759, it would 
return. It did 8o, and came to its perihelion on the 
18th of March, 1759. What prevented his fixing the 
exact moment, was the uncertainty which then existed 
with rsspeot to the efliects of the planets in disturbii^ 
its motions. Since, in passing down to the sun, it would 
have to cross the orbits of all the planets, and would 
oome near to some of them, it was liable thus to be 
greatly retarded in its movements by the powerful at- 
traction of these great bodies. Before the exact amount 
of this force cdtkld be estimated, the precise quantity 
of matter in those bodies must be known ; that is, they 
nrast be weighed. This had been, at that time, imper- 
fiKStly done. It has since been done with the greatest 
accuracy ; such large bodies as Jupiter and Sc^um 
have been weighed as truly and exactly as merchan- 
dise is weighed in scales. Hence, on Uie late return 
of Halley's comet, in 1835, the precise effect of all 
these disturbing forces was calculated, and the time 
of its return to the perihelion assigned to the very 
day. 

300. The success of astronomers in this prediction 
was truly astonishing. During the greatest part of this 
long period of seventy .six years, the body had been 
wholly out of sight, beyond the planetary system, and 
beyond the reach of the largest telescopes. It must 
be followed through all this journey to the distance of 
8600,000,000 of miles from the sun ; and, before the 
precise time of its reappearance could be predicted, 
the amount of all the causes that could disturb its mo- 
tions, arising from the various attractions of the plan- 
eto, must be determined and applied. Since, moreover, 
these forces would vary with every variation of the 
• ' ' ' ' ■ ..-■■' 

the planete t How were <he predictioiu respectiae Hallev's comet 
fulSsed in 18351 ^ 
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distanoe, the calculation was to be made for every 
gree of the orbit, separately, through 860 degrees, for 
a period of seventy-six years. Guided, however, by 
such an unerring principle as universal gravitation, 
astronomers felt no doubt that the comet would be true 
to its appointed time, and they therefore told us, months 
beforehand, the time and manner of its first approach, 
and its subsequent progress. They told us that early 
in August, 1835, the comet would appear to the tele- 
scope as a dim speck of fog, at a certain hour of the 
night, in the northeast, not far from the seven stars ; 
that it would slowly approach us, growing brighter and 
larger, until, in about a month, it would become visible 
to the naked eye ; that, on the night of the 7th of Oc- 
tober, it would approach the constellation of the Great 
Bear, and move along the northern sky through the 
seven bright stars of that constellation called the Dip- 
per ; that it would pass the sun about the middle of 
November, and reappear again on the other side of 
the sun about the end of December. All these pre- 
dictions were verified, with a degree of exactness that 
constitutes this one of the highest achievements of 
science. 

301. Since comets which approach very near the 
sun, like the comets of 1680 and 1843, cross the or- 
bits of all the planets, in going to the sun and return- 
ing, Uie possibility that one of them may strike tlie earth 
has often been su^ested, and at times created great 
alarm. It may quiet our apprehensions on this subject 
to reflect on the vast extent of the planetary spaces, 
in which these bodies are not crowded together as we 
see them erroneously represented in orreries and dia- 
grams, but are sparsely scattered at immense distances 
from each other, resembling insects flying in the open 

Beacribe the difficulties attending it. What did aatronomen tell us 
beforehand 1 How were these predictions fulfilled 1 
801. What is said of the danger that a comet will strike (h« earthi 
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heaven. Such a meeting with the earth is a very im- 

fMobable erent ; and were it to happen, so extremely 
ight is the matter of comets, that it would probably 
be stopped by the atmosphere ; and if the matter is 
combustible, as we have some reason to think, it would 
probably be consumed without reaching the earth. 
And, finally, notwithstanding all the evils of which 
comets, in different ages of the world, have been con- 
sidered as the harbingers, we have no reason to think 
that they ever did or ever will do the least injury to 
mankind. 



CHAPTER VIII. 
FIXED STARS. 

HUIIBKB, OLJIHIFICATION, AND DISTANCE OF THK STARi — ^DIVrBR- 
BNT OR0U7B AND VARIBTUM — ^NATURB OV TBB ITARfl^ AND THB 
mrRBM OF THE WORJUD. 

302. Vast as are the dimensions of the Solar Sys- 
tem, to which our attention has hitherto been confined, 
it b but one among myriads of systems that compose 
the Universe. Every star is a world like this. The 
fixed stars are so called, because, to common observa- 
tion, they always maintain the same situations with re- 
spect to each other. In order to obtain as clear and 
distinct ideas of them as we can, we will consider, un- 
der difierent heads, the number, classification, and dis- 
tances of the stars — ^their various orders — ^their nature— 
and their arrangement in one grand system. 

Sec. 1. Of the Number, Classification, and Distances 
of the Stars. 
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303. When we look at the firmament on a dear 
winter's night, the number of stfirs visible even to the 
naked eye, seems immense. But when we actually 
begin to count them, we are surprised to find the num^ 
her so small. In some parts of the heavens, half a 
dozen stars will occupy a large tract of the sky, al- 
though in other parts they are more thickly crowded 
tc^ether. Hipparchus of Rhodes, in ancient times, 
first counted the stars, and stated their number at 1022. 
If we stand on the equator, where we can see both the 
northern and southern hemispheres, and carefully enu- 
merate the stars that come into view at all seasons of 
the year, the entire number will amount to 3000. The 
telescope, however, brings to view hosts of stars in- 
visible to the naked eye, the number increasing with 
every increase of power in the instrument ; so that we 
may pronounce the number of stars that are actually 
distributed through the fields of space, to be literally 
endless. Single groups of half a dozen stars, as seen 
by the naked eye, oflen appear to a powerful telescope 
in the midst of hundreds of others of feebler light. 
Astronomers have actually registered the positions of 
no less than 50,000 ; and the whole number visible in 
the largest telescopes amounts to many millions. 

304. The stars are classed by their apparent mag- 
nitudes. The whole number of magnitudes recorded 
is sixteen, of which the first six only are visible to the 
naked eye ; the rest are telescopic stars. These mag. 
nitudes are not determined by any very definite scale, 
but are merely ranked according to their relative de- 
grees of brightness, and this is left in a great measure 
to the judgment of the eye alone. The brightest stars, 

S03. Apparent number of the stais on a general view. Result 
\f^en we count them. Who first made a catalogue of the stan 1 How 
many were included 1 What is the greatest number visible to the 
naked eye 1 Numbers visible in the telescope 1 Whole number 1 

804. How are the stais classed 1 How many magmtudesi How 
many of them are visible to the naked eye 1 What are the rest called 1 
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to the number of fifteen or twenty, are oonmdeted as 
atars of the first magnitude ; the fifty or sixty next 
brightest, of the second magnitude; the next two 
bnndred, of the third magnitude ; and thus the number 
of each elass increases rapidly, as we descend tho 
seale, so that no less than fifteen or twenty thousand 
are included within the first seven magnitudes. 

805. The stars hare been grouped in eonsteHaUons 
from the most remote antiquiiy. A few, as Orion, 
Bootes, and Ursa Major, (the Great Bear,) are men- 
tioned in the most ancient writings, under the same 
names as they have at present. The names of the 
constellations are sometimes founded on a supposed 
resemblance to the objects to which those names be- 
long; as the Swan and the Scorpion were evidently 
so denominated from their likeness to these animals. 
But, in roost cases, it is impossible for us to find any 
reason for designating a constellation by the figure of 
the animal or hero which is employed to represent it. 
These representations were probably cmce connected 
with the fables of heathen mythology. The same fig- 
ures, absurd as they appear, are still retained for the 
convenience of reference ; since it is easy to find any 
particular star, by specifying the part of the figure to 
which it belongs; as when we say a star is in the 
neck of Taurus, in the knee of Hercules, or in the taS 
of the Great Bear. This method furnishes a gmiend 
dew to their position ; but the stars belonging to any 
individual constellation, are distinguished according 
to their apparent magnitudes, as follows : First, by the 
Ghreek letters, Alpha, Beta, Gamma, &c. Thus, A^^ha, 
of Orion, denotes the largest star in that constellation ; 
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JS^ of Andromeda, the second star in that; and 
GamMa, of the Lion, the third brightest star in the 
Lion. When the number of the Greek letters is insuf- 
ficient, recourse is had to the letters of the Roman 
alphabet, a, b, c, &c. ; and in all cases where these 
are e^shausted, the final resort is to numbers. This 
will evidently at length become necessary, since the 
largest constellations contain many hundreds or even 
thousands of stars. * 

306. When we look at the firmament on a cleaf 
Autumnal or Winter evening, it appears so thickly set 
With stars, that one would perhaps imagine, that the 
task of learning even the brightest of them would be 
almost hopeless. So far is this from the truth, that it 
is a very easy task to become acquainted with the 
names and positions of the stars of the first magnitude, 
and of the leading constellations. It is but, at first, 
to obtain the assistance of an instructor, or some friend 
who is familiar with the stars, just to point out a few 
of the most conspicuous constellations. A few of the 
largest stars in it will serve to distinguish a constella- 
tion, and enable us to recognise it. These we may 
learn first, and afterward fill up the group by finding 
its smaller members. Thus we may at first content 
ourselves with learning to recognise the Great Bear, by 
the seven bright stars called the Dipper; and we might 
afterward return to this constellation, and learn to 
trace out the head, the feet, and other parts of the ani- 
mal. Having learned to recognise the most noted of 
the constellations, so as to know them the instant we 
see them anywhere in the sky, we may then learn 
the names and positions of a few single stars of special 
celebrity, as Sirius, (the Dog-Star,) the brightest of all 
the fixed starSj situated in the constellation Canis Ma^ 



a06. Is it a difficult task to learn the consteUations, and the name* 
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jor, (the Greater Dog ;) Aldebaran, in Taurus ; Arc* 
iuruSf in Bootes ; AtUares, in the Scorpion ; Cc^peZZii, in 
the Wagoner. 

307. It is a pleasant evening recreation for a small 
company of young astronomers to go out together, and 
learn one or two constellations every favorable eve- 
ning, until the whole are mastered. A map of the 
stars, placed where the company can easily resort to 
it, will, by a little practice, enable them to find the 
relative situations of the stars, with as much ease as 
they find those of places on the map of any country. A 
celestial globe, when it can be procured, is better still ; 
for it may be so rectified as to represent the exact 
appearance of the heavens on any particular evening. 
It will be advisable to learn first the constellations of the 
zodiac, which have the same names as the signs of 
the zodiac enumerated in Article 203, (Aries, Taurus, 
Gremini, &c. ;) although any order may be pursued 
that suits the season of the year. The most brilliant 
constellations are in the evening sky in the Winter.* 

308. Great difficulties have attended the. attempt to 
measure the distances of the fixed stars. We must 
here call to mind the manner in which the distances 
of nearer bodies, as the moon and the sun, are ascer- 
tained, by means of parallax. The moon, for exam- 
pie, is at the same moment projected on difilerent 
points of the sky, by spectators viewing her at places 
on the earth ai a distance from each other. (See 
Art. 218.) By means of this apparent change of place 
in the moon, when viewed from different places, astron- 

* For more pavtlealar directions for studying the constellatiaiu, Inciii- 

ingadr — '— * '*' ' - -^ -- -^ . . 

ifertoli 
tronomy. 
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omersi as already explained, derive her horizontal par- 
allax, and from that her distance from the center of 
the earth. The stars, however, are so far off, that 
they have no horizontal parallax, but appear always 
in the same direction, whether viewed from one part 
of the earth or another. They have not, indeed, until 
very recently, appeared to have any annual parallax; 
by which is meant, that they do not shift their places 
in the least in consequence of our viewing them at 
different extremities of the earth's orbit, — a distance 
of 190,000,000 of miles. The earth, in its annual 
revolution around the sun, must be so much nearer to 
certain stars that lie on one side of her orbit, than she 
is to the same stars when on the opposite side of her 
orbit ; and yet even this immense change in the place 
of the spectator, 'makes no apparent change in the 
position of the stars of the first magnitude ; which, 
from their being so conspicuous, were naturally infer- 
red to be nearest to us. Although this result does not 
tell us how far off the stars actually are, yet it shows 
us that they cannot be within a distance of twenty 
millions of millions of miles ; for were they within 
that distance, the nicest observations would detect in 
them some annual parallax. If these conclusions ar& 
drawn with respect to the largest of the fixed stars, 
which we suppose to be vastly nearer to us than 
those of the smallest magnitude, the idea of distance 
swells upon us when we attempt to estimate the re- 
moteness of the latter. Of some stars it is said, that 
thousands of years would be required for their light to 
travel down to us. 

309. By some recent observations, however, it is 
supposed that the long sought for parallax among the 
fixed stars has been discovered. In the year 1838, 



fixed stars'? Have the stars in general any honzontal parallax? 
What is meant by saying that the stars have no annual parallax 1 
Beyond what distance most the great body of the stars be 1 
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Professor Bessel, of Koningsbei^, (Prussia,) announced 
the discovery of a parallax in one of the stars of the 
constellation Swan, (61 Cygfd,) amounting to about 
one third rfa second^ This seems, indeed, so small an 
angle, that we might have reason to suspect the reality 
of the determination ; but the most competent judges, 
Who have thoroughly examined the process by which 
the discovery was made, give their assent to it. What, 
then, do astronomers understand when they say, that a 
parallax has been discovered in one of the fixed stars, 
amounting to one-third of a second ? They mean that 
the star in question apparently shifts its place in the 
heavens to that amount, when viewed at opposite ex* 
tremities of the earth's orbit ; . namely, at points in 
space distant from each other 190,000,000 of miles. 
Let us reflect how small an arc of the heavens is one- 
third of a second ! The angular breadth of the sun is 
but small, yet this is toward six thousand times as 
great as the discovered parallax. On calculating the 
distance of the star from us, by this means, it is found 
to be six hundred^ and fifty-seven thousand seven 
nundred times ninety-five millions of miles, — a dis- 
tance which it would take light ftiore than ten years to 
traverse. 

Ssc. 2. Of Chroups and Varieties of Stars. 

310. Under this head, we may consider Double, 
Temporary, and Variable Stars ; Clusters and Nebu- 
las. Double Stars are those which appear single to the 
naked eye, but are resolved into two by the telescope ; 
or, if not visible to the naked eye, they are such as. 



800. Give an account of the discovery of the parallax of 61 Cygm. 
How much is It 1 What do astronomers underatand by this 1 How 
much less angular breadth is one-third of a second than the breadth 
<»f the sun 1 %vhat distance does this imply 1 

810. Enumerate the diflferent ^j^ps toA varietieB of the 
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when aeon in the telescope, are so close tc^lher u to 
be regarded as objects of this class. Sometinies, three 
or more stars are found in this near oonnectiod, const!. 
tutiog triple or multiple stars. Castor, for example, 
(one of the ttro brisht stars in the constellation Gemi- 
ni,) when seen by the naked eye, appears as a single 
star ; but in a telescope, even of moderate power, it is 
resolved into two. These are nearly of equal size ; 
but, more commcHily, one is exceedingly small in com- 
parison with the other, resembling a satellite near its 
primary, although in distance, in light, and in other 
characteristics, each has alt the attributes of a star, 
and the combination, therefore, cannot be that of a star 

Vig. 133. 



with a planetary satellite. The diagram shows lout 
double stars, as they appear in large telescopes. 

311. A circumstance which has given great interest 
to the double stars is, the recent discovery that seme 
of them revolve armmd each other. Their times of 
revolution are very different, varying in the case of 
those already ascertained, from 43 to 1000 years, or 
more. The revolutions of these stars have revealed to 
us this most interesting fact, that the law of gramUOum 
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exiendt to ihefxed stars. Before these disooyeries, we 
oould not decide, except by a feeble anal<^y, that this 
law extended beyond the bounds of the solar system. 
Indeed, our belief rested more upon our idea of unity 
of design in the works of the Creator, than upon any 
certain proof; but the revolution of one star around 
another, in obedience to forces which are proved to be 
similar to those which govern the solar system, estab- 
lishes the grand conclusion, that the law of gravitation 
is truly the law of the material universe. 

312. Temporary Stars are new stars, which have 
appeared suddenly in the firmament, and after a certain 
interval, as suddenly disappeared, and returned no 
more. It was the appearance of a new star of this 
kind, one hundred and twenty.five years before the 
Christian era, that prompted Hipparchus to draw up a 
catalc^e of the stars, so that future astronomers 
might be able to decide the question, whether the starry 
heavens are unchangeable or not. Such, also, was 
the star which suddenly shone out in the year 389, in 
the constellation Eagle, as bright as Venus, and afler 
remaining three weeks, disappeared entirely. In 1572, 
a new star suddenly appeared, as bright as Sirius, and 
continued to increase until it surpassed Jupiter when 
brightest, and was visible at mid-day. In a month, it 
began to diminish ; and, in three weeks afterward, it 
entirely disappeared. It is also found that stars are 
now missing, which were inserted in ancient catalogues, 
as then existing in the heavens. 

313. Variable Stars are those which undergo a pe- 
riodical change of brightness. One of these is the 
star Jlftra, in the whale. It appears once in eleven 



811. What has recently given great interest to the doable stais 1 
What inference is made respecting the law of gravitation 1 

812. What are temporarx stars 1 What led Hipparchus to nnm- 
ber the starsl What is said of the star of 38B1 (Sf 1S721 What 
Stan are now missing 1 "^* 



nXBD 8TAB8. 107 

months, remains at its greatest brightness about a fort 
night, being then equal to a star of the second magni- 
tude. It then decreases about three months, until it 
becomes completely invisible, and remains so about 
&ve months, when it again becomes visible, and con- 
tinues increasing during the remaining three months 
of its period. Another variable star in Perseus, goes 
through a great variety of changes in the course of 
three days. Others require many years to accomplish 
the period of their changes. 

314. Clusters of stars will next claim our attention. 
In various parts of the sky, in a clear night, are seen 
large groups which, either by the naked eye, or by 
the aid of the smallest telescope, are perceived to con- 
sist of a great number of small stars. Such are the 
Pleiades, Coma Berenices, (Berenice's Hair,) and 
PrjBsepe, or the Beehive, in Cancer. The Pleiades^ 
or Seven Stars, as they are called, in the neck of Tau- 
rus, is the most conspicuous cluster. With the naked 
eye, we do not distinguish more than six stars in this 
group ; but the telescope exhibits fifly or sixty stars, 
crowded together, and apparently separated from the 
other parts of the starry heavens. Berenice's Hair, 
which may be seen in the summer sky in the west, a 
little westward of Arcturus, has fewer stars, but they 
are of a larger class than those which compose the 
Pleiades. The Beehive, or Nebula of Cancer, as it is 
called, is one of the finest objects of this kind for a 
small telescope. A common spy.glass, indeed, is suf- 
ficient to resolve it into separate stars. It is easily 
found, appearing to the naked eye somewhat hazy, 
like a comet, the stars being so near together that their 
light becomes blended. A reference to a celestial 
map or globe will show its exact position in the^i- 

313. What are variable Btars 1 Give an example in ^ 
Perse 08. 
S14. What 18 said of clusters of stars 1 Give ezamp 
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itallalian Ganoer, and it will well repay those who can 
eommand a telescope of any size, for the trouble of 
loddng it up. A similar cluster in the sword handle 
of Peneusy near the well-known object, Cassiopea's 
Chair, in the northern sky, also presents a yery beau- 
tiful appearance to the telescope. 

315. Nebula are faint, misty appearances, which 
are dimly seen among the stars, resembling comets, or 
a speck of fog. A few are visible to the naked eye ; 
one, especially, in the girdle of the oonstellati(» 
Andromeda, which has often been reported as a newly 
discovered comet. The greater part, however, are 
visible only to telescopes of greater or less power. 
They are usually resolved by the telescope into 
myriads of small stars ; though, in some instances, no 
powers of the telescope have been found, sufficient to 
resolve them. The Galaxy, or Milky Way, presents 
a continual succession of large nebulse. The great 
English astronomer, Sir William Herschel, has given 
catalogues of 2,000 nebulae, and has shown that 
nebulous matter is distributed through the immensity 
of space in quantities inconceivably great, and in 
separate parcels of all shapes and sizes, and of all 
d^rees of brightness, between a mere milky veil and 
the condensed light of a fixed star. In fact, more 
distinct nebulee have been hunted out by the aid of 
telescopes, than the whole number of stars visible to the 
naked eye in a clear winter's night. Their appearances 
are extremely diversified. In many of them we can 
easily distinguish the individual stars ; in those 
apparently more remote, the interval between the stars 
diminishes^ until it becomes quite imperceptible ; and 
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ill their faintest aspect they dwindle to points so minute, 
lis to be appropriately called star dust. Beyond this, no 
stars are distinctly visible, but only streaks or patched 
of milky light. In objects so distant as these assem- 
blages of stars, any apparent interval between them 
i)(lust imply an immense distance ; and were we to take 
our station in the midst of them, a firmament would 
expand itself over our heads like that of our evening 
sky, only a thousand times more rich and splendid ; 
and were we to take our view from such a distant part 
of the universe, it is thought by astronomers that our 
own starry heavens would all melt together into the 
same soft and mysterious light, and be seen as a faint 
nebula on the utmost verge of creation. 

316. Many of the nebulae exhibit a tendency toward 
a globular form, and indicate a rapid condensation 
toward the center. These wonderful objects, however, 
are not confined to any particular form, but exhibit 
great varieties of figure. Sometimes they appear of 
an oval form ; sometimes they are shaped like a fan ; 
and the unresolvable kind often assume the most 
fantastic forms. But, since objects of this kind must 
be seen before they can be fully understood, it is hoped 
the learner will avail himself of any opportunity he may 
have to contemplate them through the telescope. Some 
of them are of astonishing dimensions. It is but little 
to say of many a nebula, that it would more than cover 
the whole solar system, embracing within it the immense 
orbit of Uranus. 

Sec 8. Cf the Nature of the Stars, and the Syfteni 
df the World. 
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817. We have seen that the stars are so distant, that 
not only would the earth dwindle to a point, and entirely 
▼anish as seen from the nearest of them, but that the sun 
itself would appear only as a distant star, less brilliant 
than many of the stars appear to us. The diameter of 
the orbit of Uranus, which is about 3600,000,000 of 
miles, would, as seen from the nearest star, appear so 
small that the finest hair would more than covei 
it. The telescope itself, seems to lose all power whea 
applied to measure the magnitudes of the stars ; for 
although it may greatly increase their light, so as to 
make them dazzle the eye like the sun, yet it makes 
them no larger. They are still shining points. We 
may bring them, in effect, 6000 times nearer, and yet 
they are still too distant to appear otherwise than points. 
It would, therefore, seem fruitless to inquire into the 
nature of bodies so far from us, and which reveal 
themselves to us only as shining points in space. Still 
there are a few very satisfactory inferences that can be 
made out respecting them. 

318. First, the fixed stars are bodies greater than our 
earth. Were the stars no larger than the earth, it 
would follow, on optical principles, that they could not 
be seen at such a distance as they are. Attempts have 
been made to estimate the comparative magnitudes of 
the brightest of the fixed stars, from the light which 
they afford. Knowing the rate at which the intensity 
of light decreases as the distance increases, we can 
find how far the sun must be removed from us, in order 
to appear no brighter than Sirius. The distance is 
found to be 140,000 times its present distance. But 
Sirius is more than 200,000 times as far off as the 
sun ; hence it is inferred, that it must, upon the lowest 
estimate, give out twice as much light as the sun ; or 
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that, in point of splendor, Sirius must be at least equal 
to two suns. Indeed, it is thought that its light equals 
that of fourteen suns. There is reason, however, to 
believe, that the stars are actually of various magni- 
tudes, and that their apparent difference is not owing, as 
some have supposed, merely to their different distances. 
The two members of the double star in the Swan, (61 
Cygnij) the motion of one of which has led to the 
discovery of a parallax, (see Art. 309,) are severally 
thought to have less than half the quantity of matter in 
the sun, which accounts for their appearing so diminutive 
in size, while they are apparently so much nearer to us 
than the great body of the stars. 

319. Secondly, the fixed stars are Suns. It is inferred 
that they shine by their own light, and not like the 
planets, by reflected light, since reflected light would 
be too feeble to render them visible at such a distance. 
Moreover, it can be ascertained by applying certain 
tests to light itself, whether it is direct or reflected 
light ; and the light of the stars, when thus examined, 
proves to be direct. Since, then, the stars are large 
bodies like the sun ; since they are immensely farther 
off than the farthest planet ; since they shine by their 
own light ; and, in short, since their appearance is, 
in all respects, the same as the sun would exhibit if 
removed to the region of the stars, the conclusion is 
unavoidable that the stars are suns. We are justified, 
therefore, by sound analogy, in concluding that the 
stars were made for the same end as the sun ; namely, 
as the centers of attraction to other planetary worlds, 
to which they severally afford light and heat. The 
chief purpose of the stars could not have been 
to adorn the firmament, or to give light by night, 
since by far the greater part of them are invisible to 

mafnnitades 1 How large are the two members of the douM- -*-* 
eiOygnil 
819. How is it shown that the stars are sons 1 Forwha^ 
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th0 naked eye ; nor as landmarks to the navigator, finr 
only a small portion of them are adapted to this pur« 
pose ; nor, finally, to influence the earth hy their at- 
tractions, since their distance renders such an efiR)ct 
entirely insensihle. If they are suns, and if they ex- 
ert no important agencies upon our world, but are 
bodies evidently adapted to the same purpose as our 
tun, then it is as rational to suppose that they were 
made to give light and heat, as that the eye was made 
for seeing and the ear for hearing. 

320. We are thus irresistibly led to the conclusion, 
that each star is a world within itself, — a sun, attend- 
ed, like our sun, by planets to which it dispenses light 
and heat, and whose motions it controls by its attrac- 
tion. Moreover, since we see all things on earth con- 
trived in reference to the sustenance, safety, and hap- 
piness of man, — ^the light for his eyes, the air for his 
lungs, the heat to warm him, and to perform his labors 
by its mechanical and chemical agencies ; since we see 
the earth yielding her flowers and fruits for his sup- 
port, and the waters flowing to quench his thirst, or to 
bear his ships, and all the animal tribes subjected to 
his dominion ; and, Anally, since we see the sun him- 
self endued with such powers, and placed at just such 
a distance from him, as to secure his safety and min- 
ister in the highest possible degree to his happiness ; 
we are leil in no doubt that this world was made for 
the dwelling place of man. But, on looking upward 
at the other planets, when we see other worlds resem- 
bling this in many respects, enlightened and regulated 
by the same sun, several of them much larger than the 
earth, furnishing a more ample space for intelligent 
beings, and fitted up with a greater number of moons 
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tt> fire tiiein light by night, we caa hardly resial the 
ooDoIusion that they, too, are intended as the abodes of 
intelligent, conscious beings, and are not niere solitaty 
wastes. Finally, the same train of reasoning conducts 
us to the conclusion, that each star is a solar systensi 
and that the universe is conaposed of worlds inhabited 
by different orders of intelligent beings. 

321. It only remains to inquire respecting the Sy^ 
tern of the Worldy or to see in what onier the various 
bodies that compose the universe are arranged. One 
thing is apparent to all who have studied the laws of 
nature, — ^that greaX'uttifomttty rf plan attends every 
department of the works of creation. A drop of water 
has the same constitution as the ocean ; a nut-shell of 
air, the same as the whole atmosphere. The nests 
and the eggs of a particular species of birds are the 
same in all ages ; the anatomy of man is so uniibrmb 
that the mechanism of one body is that of the race. 
A similar uniformity pervades the mechanism of the 
heavens. To begin with the bodies nearest to us, we 
see the earth attended by a satellite, the moon, that 
revdves about her in exact obedience to the law of 
universal gravitation. Since the discovery of the tel- 
escope has enabled us to see into the mechanism of 
the other planets, we see that Jupiter, Saturn, and 
Uranus, have each a more numerous retinue, but all 
still fashioned according to the same model, and obe- 
dient to the same law. The recent discovery of the 
revolution of one member of a double star around the 
other, shows that the same organization extends to the 
stars ; and certain motions of our own sun and his 
attendant worlds, indicate that our system is likewise 
slowly revolving arQund some other system. In each 
of the clusters of stars and nebulae, we also see a mul- 

821. What 18 said of the uniformitjr of plan visible in the works ol 
Mtom 1 Show that a similar uniformity prevails in the general plaa 
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titude of stars assembled together into one group ; and, 
altlioiigh we have not yet been able to detect a common 
system of motions of revolution among them, and on 
account of their immense distance, particularly of the 
nebulce, perhaps we never shall be able, yet this very 
grouping indicates a mutual relation, and the symmet- 
rical forms which many of them exhibit, prove an or- 
ganization for some common end. Now such is the 
uniformity of the plan of creation, that where we have 
discovered what the plan is in the objects nearest to us, 
we may justly infer that it is the same in similar ob- 
jects, however remote. Upon the strength of a sound 
analogy, therefore, we infer revolutions of the bodies 
composing the most distant nebules, similar to those 
which we see prevail among all n^nrT worlds. 

322. This argument is strengthened and its truth 
rendered almost necessary, by the fact that without 
such motions of revolution, the various bodies of the 
universe would have a tendency to fall into disorder 
and ruin. By their mutual attractions, they would all 
tend directly toward each other, moving at first, in- 
deed, with extreme slowness, but in the lapse of ages, 
with accelerated velocity, until they finally rushed to- 
gether in the common center of gravity. We can con- 
ceive of no way in which such a consequence could 
be avoided, except that by which it is obviated in the 
systems which are subject to our observation, namely, by 
a projectile force impressed upon each body, which 
makes it constantly tend to move <iirecily forward in a 
straight line, but which, when combined with the force 
of gravity existing mutually in all the bodies of the 
system, gives them harmonious revolutions around 
each other. 
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323. We see, then, in the subordinate members of 
the solar system, in the earth and its moon, in Jupiter, 
Saturn, and Uranus, with their moons, a type of the 
mechanism of the world, and we conclude that the 
material universe is one great system ; that the combi- 
nation of planets with their satellites, constitutes the 
first or lowest order of worlds ; that, next to these, 
planets are linked to suns ; that these are bound to other 
suns, composing a still higher order in the scale of 
being; and, finally, that all the different systems of 
worlds move around their common center of gravity. 

324. The view which the foregoing considerations 
present to us of the grandeur of the material universe, 
is almost overwhelming; and we can hardly avoid 
joining in the exclamations that have been uttered, 
after the same survey, upon the insignificant place 
which we occupy in the scale of being, nor cease to 
wonder, with Addison, that we are not lost among the 
infinitude of the works of God. It is cause of devout 
thankfulness, however, that omniscience and benevo- 
lence are at the helm of the universe ; that the same 
hand which fashioned these innumerable worlds, and 
put them in motion, still directs them in their least as 
well as m their greatest phenomena ; and that, if such 
a view as we have taken of the power of the Creator, 
fills us with awe and fear, the displays of care mani- 
fested in all his works for each of the lowest of his 
creatures, no less than for worlds and systems of worlds, 
should conspire with what we know of his works of 
Providence and Grace, to fill us with love and adora- 
tion. \' ^ 

823. Describe the system of the world. 

824. What is said of the grandeur of these views 1 What is spe- 
cial cause of thankfulness 1 How should the contemplation of the 
•abject affect us 1y 
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